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M.H. 
Den 20sten November is na een kortdurende ziekte 
WILLEM DE SITTER 


overleden. Zijn heengaan beteekent een zeer zwaar verlies voor 
de wetenschap in het algemeen, voor de Sterrekunde en voor 
onze afdeeling in het bijzonder. 

De SITTER studeerde te Groningen aanvankelijk in de wiskunde 
maar onder invloed van J. C. KAPTEYN en van diens vriend 
Sir Davip GILL, directeur van de Cape Observatory, die het 
Groningsch sterrenkundig laboratorium in October 1896 bezocht, 
wendde hij zich tot de sterrekunde. In volge een verzoek van 
Sir DAvID GILL om te Kaapstad de daar verrichte heliometer- 
waarnemingen van de wachters van Jupiter te reduceeren, ging 
DE SITTER, na doctoraal examen in de wis~ en sterrenkunde te 
hebben afgelegd, naar Kaapstad, waar hij gedurende twee jaar 
werkzaam bleef, een verblijf, dat in menig opzicht beslissend voor 
zijn leven zou zijn. Hier werd zijn aandacht, gevestigd op vraag- 
stukken in verband met de Jupiter satellieten; problemen, die 
hem nooit meer hebben losgelaten. 

Welk een uitstekend werk DE SITTER op dit gebied geleverd 
heeft, blijkt uit het schitterend getuigenis, dat de president van 
de ,,Royal astronomical Society’’ Dr. CROMMELIN hieromtrent 
aflegde toen in 1931 de aan DE SITTER toegekende Gold Medal 
of the Society werd uitgereikt, een onderscheiding, die gewoonlijk 
als de hoogste op astronomisch gebied wordt beschouwd. 

Teruggekeerd in het vaderland- werd hij assistent aan het 
Sterrenkundig laboratorium te Groningen en promoveerde op een 
proefschrift getiteld ,,Discussion of Heliometer observations of 
Jupiter Satellites”, waarin resultaten van zijn werk te Kaapstad 
waren neergelegd. 

Te Groningen verrichtte hij veel uitmuntend werk o.a. over de 
bepaling van z.g. ,,eigen bewegingen”’ der vaste sterren, parallaxen 
en photometrie. 

In 1908 werd DE SITTER tot hoogleeraar in de sterrekunde 
te Leiden benoemd, in 1918 tot Directeur van de Sterrewacht. 
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DE SITTER heeft, ondanks zijn niet sterke constitutie, op weten- 
schappelijk gebied enorm veel gepraesteerd, naast zijn reeds 
vermeld levenswerk over de manen van Jupiter, vestigde hij zijn 
aandacht op verschillende. problemen, waarvan slechts enkele 
aangehaald kunnen worden. Een zijner wenschen ging uit naar 
het maken van een samenhangend systeem van de astronomische 
constanten zooals de precessie en de nutatieconstanten, de lengte 
van het jaar, de straal van de aarde, de afplatting der aarde, de 
afstand en de massa van de maan enz. 

Bij het derde eeuwfeest der Leidsche Sterrewacht, tevens het 
zilveren Hoogleeraarschap van DE SITTER, wees VENING MEINESZ 
er nog op van hoeveel belang dit werk voor de geodeten is. 

Het meest heeft wel tot de groote internationale bekendheid 
van DE SITTER bijgedragen de wijze waarop hij EINSTEIN’s 
relativiteitstheorie in de astronomie heeft toegepast en uitgebreid. 
Uit zijn beschouwingen hierover is geboren zijn, van EINSTEIN’s 
opvattingen afwijkende, conceptie van het heelal, welke door de 
astronomen veelal betiteld wordt met den naam: ,,DE SITTER’s 
Universe’. In dit bijna geheel ledig treden bewegingen op met 
enorme snelheden, hetgeen in waarnemingen, verricht aan het 
Mount Wilson observatory, bevestiging heeft gevonden. Later 
werd deze opvatting door DE SITTER gewijzigd en uitgebreid tot 
de theorie van het uitdijend heelal. 

Hoezeer deze arbeid door zijn vakgenooten op prijs wordt 
gesteld, blijkt eveneens uit de woorden van den voorzitter van 
de Royal astronomical Society; de gouden medaille toch was 
toegekend op grond van DE SITTER’s ,, Theoretical investigations 
on the orbits of the satellites of Jupiter and for his contributions 
to the Theory of Relativity’. 

Wordt in dit uit den aard der zaak zeer onvolledig overzicht 
reeds getoond, dat DE SITTER ondanks zijn wankele gezondheid 
op wetenschappelijk gebied een hoeveelheid werk heeft mogen 
verrichten meer dan voldoende om het geheele leven van een 
geleerde te vullen, des te grooter is onze bewondering voor 
DE SITTER’s enorme werkkracht, als wij bedenken, hoeveel hij op 
geheel ander gebied heeft kunnen verrichten. Slechts zelden komt 
het voor, dat een dergelijk geleerde tegelijk is een man van de 
daad en een goed organisator; DE SITTER was ook op dit gebied 
een onvolprezen meester, hij was, zooals een zijner leerlingen het 
uitdrukte, een geboren bestuurder. 

Het is hem vergund geweest om de Leidsche Sterrewacht 
opnieuw te organiseeren en ook al maakten de zoo ongunstige 
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tiidsomstandigheden, dat zijn met KAPTEYN uitgewerkte ver- 
strekkende plannen niet geheel volledig konden worden uitge- 
voerd, toch is het hem met zijn medewerkers, waaronder vooral 
HERTZPRUNG genoemd moet worden, mogen gelukken de Leid- 
sche Sterrewacht opnieuw te maken tot een inrichting volkomen 
op de hoogte van den tijd en haar wederom een eereplaats te 
doen innemen onder de eerste sterrewachten der «wereld. Een 
astrophysische en een theoretische afdeeling werden eraan toege- 
voegd, zoodat een schitterend geheel werd verkregen, terwijl de 
universeele belangstelling van DE SITTER in alles wat zijn vak 
betrof ervoor waakte, dat aan een der deelen, ook die niet onmid- 
dellijk met zijn eigen werk samenhingen, te kort werd gedaan. 

Zijn organisatiegeest breidde de werkingsspheer van de Leid- 
sche Sterrewacht uit tot in Zuid-Afrika door de bekende 
samenwerking met Johannesburg, waar sinds dien tijd steeds een 
der Leidsche astronomen werkzaam was. 

Hoezeer DE SITTER zich ook met de meest fundamenteele 
problemen van de astronomie bezighield, blijkt wel uit de wijze 
waarop hij met hart en ziel medewerkte aan de organisatie der 
Leidsche expeditie naar Keneya in Centraal Afrika, welke gericht 


was op het verkrijgen van een beter systeem van de posities der 
vaste sterren, een onderneming, die met DE SITTER’s eigen werk 
weinig verband hield en waarvan de goede vruchten pas in de 


toekomst geplukt zullen kunnen worden. 

Het was teekenend voor den invloed zijner persoonlijkheid hoe 
deze niet welsprekende man steeds autoriteiten en begunstigers 
der wetenschap voor de belangen der sterrekunde wist te interes- 
seeren. Steeds voelde men, dat het hem altijd alleen te doen was 
om het belang der zaak, nooit om het bereiken van eigen voordeel 
of ter voldoening van persoonlijke ijdelheid, die hem vreemd was. 

De ROCKEFELLER Foundation zegde hem ruim honderdduizend 
dollar toe voor het bouwen en exploiteeren van een grooten kijker 
in een eigen gebouw te Johannesburg; jammer genoeg heeft 
DE SITTER de verzending van het instrument niet meer mogen 
beleven. 


De SITTER heeft het uitmuntend verstaan medewerkers te 
kiezen en te behouden. Hij stelde in hen zulk een vertrouwen, 
dat hij hun algeheele vrijheid liet in den opzet en de uitvoering 
van hun werk, echter altijd voeling met hen houdend en steeds 
bereid hen met raad en daad bij te staan. Hij bezat de kostbare 
gave om van zijn medewerkers zijn vrienden te maken. 
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De organisatorische talenten van DE SITTER bleven ook in het 
buitenland niet onopgemerkt, met het gevolg, dat men hem van 
1925—1928 de moeilijke taak toevertrouwde van voorzitter der 
Internationale astronomische Unie in een tijdperk van groote 
moeilijkheden. Ook zijn leiding van het Internationaal Astrono- 
misch Congres te Leiden werd een groot succes. 

Aan eerbewijzen heeft het DE SITTER voorzeker niet ontbroken ; 
eeredoctoraten, eerelidmaatschappen, medailles werden in groote 
getale zijn deel. 

Van onze Akademie was DE SITTER sedert 1912 een getrouw 
lid, zelden ontbrak hij op de vergadering, gaarne nam hij aan de 
discussies deel, menigvuldig waren de voordrachten, die hij hield 
en wij allen zullen ons zijner herinneren, zooals hij dan voor ons 
stond sprekend op zijn ietwat hortende, schijnbaar nonchalante 
wijze, waarbij hij echter altijd zijn gehoor wist te boeien. Ook 
hier toonde hij zich weer de eenvoudige, altijd bereidwillige 
persoon, die steeds gereed was in te springen om een spreekbeurt 
te vervullen ; nog op de laatste onzer vergaderingen, die hij mocht 
beleven, hield hij op verzoek van het Bestuur een voordracht. 

Zoo hebben wij DE SITTER in zijn volle persoonlijkheid leeren 
kennen en leeren apprecieeren en wij mogen verklaren, dat met 
DE SITTER is heengegaan een groot geleerde, een uitmuntend 
organisator, een nobel mensch, een vriend van velen, een navol- 
gingswaardig voorbeeld voor allen. 


Geophysics. — On the relation between microseisms and depressions in 
Western-Europe and on the Ocean. By S. W. VISSER. (Com- 
municated by Prof. Dr. E. VAN EVERDINGEN Jr.). 


(Communicated at the meeting of November 24, 1934). 


§ 1. At the assembly of the International Seismological Association 
at Manchester in 1911 E. vAN EVERDINGEN!) has presented some preli- 
minary results of a research by G. VAN DIJK into the correlation of micro- 
seismic movements at De Bilt and the sea waves in Western Europe. Each 
part of the moving sea appears to generate a group of well defined 
periods: the North Sea being agitated, often very strong waves with 
a period of 3.5 sec are visible, rough sea on the coasts of Scotland gives 
a period of 5 sec, on the coasts of Norway 6 sec, in the Atlantic 7 sec. 

As a matter of fact the microseisms at De Bilt are controlled daily on 
behalf of the weather forecast, because their character may reveal the 
presence of a remote depression in the Atlantic. Especially during the 
war, when the daily weather reports were wanting, this method often 
proved to be trustworthy. 

GUTENBERG a.o. 2) have concluded to a close connexion between 
microseisms in Europe and the state of the sea especially on the coast of 
Norway. Tams has found a correlation of 0.88 between the microseisms 
at Hamburg and the surf at the Norwegian coasts 3). 

GHERZI4) has stated that cyclones passing at very great distances 
procure heavy microseisms at Zi-Ka-~Wei, but a rough sea at the coasts 
of China is rather inactive. LEE, according to a recent publication of 
WHIPPLE 5), demonstrates that ‘the occurrence of a well developed 
depression over the eastern half of the North Atlantic is a necessary but 
not a sufficient condition for the development of microseisms”’. 

The results of GHERZI and LEE and the old experience at De Bilt clearly 
point in the same direction concerning the cause of microseisms. At the 
request of Prof. VAN EVERDINGEN I have investigated this problem. The 
present paper records the preliminary results. 


§ 2. At De Bilt the microseismic character of the Wiechert seismo- 
grams has been read daily from April 1908 up to this day. The 
amplitude and the period of the Galitzin seismograms have been measured 
daily at 6 h G.M.T. from January 1, 1917, to December 31, 1929, moreover 
during January, 1930, at 1h, 7h, 13h and 18h. We have studied the 
Galitzin readings especially from 1925. 
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§ 3. When comparing microseisms with atmospheric pressure we are 
often struck by a close resemblance in their range. Fig. 1 represents both 
phenomena for January 1930. Good concordance is present for the period 
of January 3—14. Though this effect is not always present, it often points 
to a relation of microseisms with atmospheric pressure rather than with 
the state of the sea. 


The state of the eaueahere in Western Europe is rather chaotic. As 


Fig. 1. Atmospheric pressure and microseisms at De Bilt, January 1930. 
Pressure in mm; amplitude in lb period in seconds. 


a rule two or more depressions or a sequence of secondaries are simultane- 
ously active and disturbing each others microseismic effects. Therefore 
in order to detect some relation it is absolutely necessary to select well 
isolated, solitary depressions. 


§ 4. We have sifted out the depressions by means of the cyclone 
tracks in the monthly weather review of De Bilt and controlled and 
extended them to the west with the aid of the circumpolar weather maps 
of Hamburg (Deutsche Seewarte). We have bestowed much care on this 
part of the research, because all conclusions depend upon the reliability 
of the cyclone tracks selected. 

In this manner we found during the period 1925—January 1930 about 
50 cases, in which strong microseisms at De Bilt were obviously related 
to well defined cyclones in the N-E Atlantic Ocean and Western Europe. 

The map, fig. 2, contains the positions of the depression centres at the 
moment of maximum microseisms at De Bilt. We learn from this map 
that the maximum microseismic effect is by no means clearly connected 
with the coastal regions affected by the cyclones. The spots are spread 
at random in the field of observation. One feature, however, is evident: 
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a fairly great number of depressions generates microseisms when at a 
rather great distance in the Atlantic Ocean. This is a first indication that 
the typhoon effect of the Far East is present for the cyclones of our 


regions too. 
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Fig. 2. Cyclone centres and microseisms. 


§ 5. The next step was investigating the state of the sea. For this 
purpose during each period of strong microseisms the state of the sea 
was read from the Hamburg and the De Bilt daily weather maps for 
seven coastal regions, viz. J Ireland, S Scotland, N Norway, D Danmark, 
AH Holland, K the Channel, B the Bay of Biskaya, O the Baltic. Generally 
rough sea and microseisms coincide, but obvious exceptions are present. 
In a number of cases the state of the sea even shows a minimum whilst 
microseisms have maximum values. The following data may serve as 
examples. (Table I). 

The depressions connected with such cases are situated (with only one 
exception, viz. the centre in N-W Ireland) at great distances, within 
the area limited by a broken line in fig. 2. 

We have found herewith an obvious indication that GHERZI’s typhoon 
effect is also present in Western Europe. It is, however, a rather rare 
phenomenon, the weather features being much more complicated than in 
the Far Eastern seas. 
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TABLE I. 
ce ee a a oa a TD 
ee Micros State of the sea *) : 
Chie oes) Nt De akis.b Oo 
Dec. 1925 . 
6 A428 4—7 | 0—2 | 5—7 | 4—5 | 1-2] (6) _ 5—6 
7 8.4 ae O—5 | 4—6 | 1—2 | 0—1 | 0-6] (6) 1—3 
8 aL O—7 |6—7 | 45.) 2=4 | 1-2 || 226 1} (4) 2—4 
9 ae 4—9 | 3-5 | 4—6 | 2—6 | 1—4 | 3—7 (3) 2—3 
Dec. 1926 
7 4.6 OS Ua too — 4 Oa O22) 240 tas 
8 10.8 O—6| (4) 4 4a 1 03) 2 4s 2 
9 5.6 1—6 | (6) 4—6 | 2—4 1 O—1 | 2—5 | 4—5 
10 aoe 4—6 | 0—4 | 4—6 | 1—5 | 0—1 | 0—1 3 Pipa 
Dec. 1927 
18 5.8 37-0 ts 34) OF | ant 5 ose 
19 14.3 3= Fh) 2—3 2 Ril | Waa 1 1G) ip ia 
20 rane) (7) C= 2alee 3 ee OO ae Gan (5) 23 
21 sea) | (6) 5 -GNie2 Se tae On) 0—2 


*) in brackets incomplete data of one record only. 


§ 6. We have to do with depressions ranging from 705 to 755 mm 
and may expect therefore great differences in their effects upon micro- 
seisms. Indeed we find an obvious decrease of the amplitude with increasing 
pressure in the cyclone centre. 


TABLE II. 
Erescttree meer aa ee uv a Pet 720 NOT 25a 730) NP735) © | 740749 
Amplitude (N+ E):2. . . . «| 10.4] 8.5] 9.8) 10.6] 7.8} 6.0] 7.3 
NY fe a a ee aa SOM Bact 4S Min 4.4 | Sill 2.00 eo 00 
Period (N+E-+V):3. . . . . Peete eet OS: 6.2) a04 Sg) 


A similar decrease of the period appears to exist. The map, however, 
teaches us that the deeper depressions are as a rule the farther off ones 
and therefore this feature of the period may be due to the distance. 

As to the distance the amplitude does not show an evident effect 
(fig. 3a). Here again we find the deepest depressions generating the 


strongest microseisms. 
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The periods are clearly increasing with increasing distance, especially 
for the deep depressions of 705—725 mm (fig. 3b), being in general the 


Fig. 3a. Amplitude and distance. 


Fig. 36. Amplitude and period. 


remote Atlantic cases. Indeed we may conclude that the result for the 
period in table II is influenced by the distance. 


As to the smaller depressions situated as a rule in or near to the 


continent, local influences are probably disturbing the developing of the 
distance effect. 


In fig. 3b we find in the upper left hand corners of the diagrams some 
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obvious exceptions of the distance rule, nine in total and marked by a 
cross. These nine cases are marked by a cross in the map also and we 
see that seven of them are situated in a narrow region from Scotland to 
Denmark. They are characterized by a much larger period than concords 
with their distance. We seem to have detected here a special system of 


microseisms, but it is not yet possible to say something more of these 
“North Sea Microseisms’”’. 


§ 7. The microseisms appear to depend upon the direction of the 
cyclone tracks. We have indicated this direction at each cyclone centre 
of the map (fig. 2); the length of the line is corresponding with the 
amplitude of the microseisms at De Bilt. 


We have plotted these directions in the vector-diagrams of fig. 4. The 
vertical arrow represents the direction towards De Bilt, whilst the distance 
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Fig. 4. De Bilt. Microseisms and direction of cyclones. 


of each dot to the origin represents the intensity of the microseismic move- 
ment. The angle with the vertical is equal to the angle between the 
direction of the cyclone track and the line connecting its centre with 
De Bilt. 


The diagram for 705—725 mm teaches us another important rule: 
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Fig. 5. Microseisms and direction of cyclones. 
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The microseisms are largest in the direction of the cyclone track. 

This same rule is well known for the swell and so we find a close 
connexion between the two phenomena. 

As to less deep depressions the relation is not clearly developed, again 
because of the obscuring influence of the coast. 

When the rule found is real it must hold for other seismographic stations 
also. Indeed the data of Upsala, Strasbourg and Kew (fig. 5) obviously 
show the same feature. The long axis of the ellipse-shaped diagram is 
everywhere directed to the seismograph registering the microseisms. 

This concordance needs not wonder us for the stations of De Bilt, 
Strasbourg and Kew because of their mutual proximity and their similar 
Galitzin instruments, but it is well supported by the remote station of 
Upsala, equipped with a 1000 kg Wiechert seismograph. 


§ 8. Concerning the aspect of the microseisms GHERZI has stated that 
the long distance ones are characterized by their occurrence in groups. 
Indeed this group formation clearly exists in the microseisms of Atlantic 
origin (fig. 6), but we must remark that this feature is not at all restricted 
to remote cyclones. These groups are rather common. 


4lmin.- 30mm 


Fig. 6. Microseisms, De Bilt, Dec. 7, 1925. 


We recognize the microseisms of coastal or continental origin by their 
disturbed character with preponderating short and irregular periods. The 
true long distance microseisms are marked by long regular wave trains and 
the nice development of groups. The “North sea microseisms” mentioned 
above have a pure long distance appearance without the small periods of 
other micros. originating in this same region. 

When in the daily weather reports rough sea and nearby depressions 
or secondaries are wanting, we may be sure that strong and regular 
microseisms are caused by some remote cyclone. Indeed one of the first 
features detected by the present research is the frequent occurrence of 
strong microseisms during ice-days at De Bilt, f.i. December 7, 1925 
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(fig. 6 and table I). Ice-days in this country point generally to nice calm 
weather and high pressure. Such ‘“‘high pressure microseisms” are always 
due to some Atlantic cyclone at distances up to 3000 km and they may be 
a “foreshadowing” of changing weather. 


§ 9. The microseisms appear to be closely connected with the swell. 
We may readily presume that the microseisms are caused by the swell. 

LEE (l.c.) has mentioned two mathematical objections against this 
presumption. ‘The first is that waves in deep water are such that the 
variation in pressure falls off exponentially with depth so that, when 
the depth is equal to several wave lengths, the variation of pressure at the 
bottom is inappreciable. The second objection is that the length of a 
seawave is very small compared with the length of an elastic wave of the 
same period in the earth’s crust.”’ 

“LINKE regards the effective seawaves as those occurring in shallow 
water quite close to a coastline. In such shallow water the variations of 
pressure on the sea-bottom are considerable...... There is, however, no 
satisfactory evidence that microseisms are due to the sea waves in shallow 
water rather than in deep water.” 

According to LEE we must not consider an infinite train of regular waves 
as does the mathematician. The case must be different with actual water 
waves. There must be disturbances propagated through the water as waves 
of compression travelling with the velocity of sound and generating, when 
reaching the bottom, microseismic waves in the ground. LEE remarks that 
trains of sea waves are equivalent to comparatively small oscillators without 
fixed phase relation between any two of them. The amounts of energy in 
the disturbances from different sources can be added. ‘The grouping of 
microseismic waves suggests that the phase relations between trains of 
waves from different sources persist for periods of the order of half a 
minute. For a little while the displacements due to the several sources 
cancel out and then the oscillations increase again in amplitude.” 

Further investigation may elucidate matters. We emphasize the fact that 
in general the life time of microseisms is much shorter than that of the 
generating cyclone (cf. table 1). Only during a rather short time interval 
the moving cyclone forces the earth's crust to oscillate. We may point to 
variations in the slope of the sea-bottom, or perhaps the gradient or the 
speed of the cyclone, as possible conditions stimulating the process. 

I express here my sincere thanks to Prof. VAN EVERDINGEN, whose kind 
hospitality enabled me to study this matter. 
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Physics. The compressibility of helium gas between 2.6 and 4.2° K. 
By W. H. KEEsoM and H. H. KRAAK. Abstract of Communication 
N°. 234e from the KAMERLINGH ONNES Laboratory at Leiden. 


(Communicated at the meeting of November 24, 1934). 


Isotherms of helium were determined at the temperatures 4.224, 3.095 
and 2.581°K. The results are given in table I. 


TASB Eas 
Isotherms of helium. 

No. dy PYA obs pv, (obs—calc) X< 106 
4 7 =='47,2236 °K 12.619 0.014796 S27 32. 

3 A, =0.015455 16.716 0.014580 ee) | 

2 19.963 0.014412 + 3 

1 24.303 0.014174 ey 

5 24.319 0.014176 + 1 

10 T = 3.0948 °K 7.416 0.010957 + 10 

9 A, = 0.011325 9.356 0.010841 es 

8 10.771 0.010764 =r 

7 122531 0.010666 == 3 

6 24.562 0.009959 + 1 
11 T= 275805 °K 8.023 0.009007 

12 A, = 0.009443 11.101 0.008819 
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The following values in the formula 


Pen An Bd. C, di: 
or 
pe, =A,f1 Bad, 4 GC a2) 


were calculated : 


EAB LEAL 
Virial coefficients of helium. 

§ A B 5 7 3 

ate 2 R10 roma B.10 C. 106 
4.224 0.015455 =e boil —0.46 =i Ws SY} =a) 
3.095 0.011325 —4.880 PTO —4.309 = 2445 
2.581 0.009443 —4. 937 =——Ovln 5226 (i735) 

Astronomy. Mittlere Lichtkurven von langperiodischen Veranderlichen. 


XX. R Aquilae. Von A. A. NIJLAND. 


(Communicated at the meeting of November 24, 1934). 


Instrumente S und R. Nahe beim Maximum ist die Schatzung sehr 
schwierig, da die Vergleichsterne entweder zu hell sind, oder (A, x) zu 
weit entfernt. Ich habe beim Maximum 2418543 ohne grossen Erfolg 
versucht (drei Beobachtungen), durch die Benutzung eines lichtstarken 
Opernglases diesem Ubelstande abzuhelfen. Diese drei Schatzungen sind 
unberiicksichtigt geblieben. Die Beobachtungen wurden alle auf R redu- 
ziert; die Reduktion R—S betragt —0™.34. Spektrum M5—8e (HA 79, 
184). Gesamtzahl der Beobachtungen 736 (von 2416936 bis 2427709). Es 
wurden wieder, wie in allen friiheren Mitteilungen, die in zwei Instrumenten 
angestellten Schatzungen nur einmal gezahlt. Da eine stark abweichende 
Schatzung (2418093) verworfen wurde, und der Stern bei der Beob- 
achtung 2425606 unsichtbar’ war, so bleiben 734 Schatzungen fiir die 
Diskussion iibrig. 

Karte: HAGEN, Atlas Stell. var. Series III. 

Die Tabelle I gibt eine Ubersicht der benutzten Vergleichsterne. Die 
Sterne C und x wurden nur ausnahmsweise verwendet. Die photometri- 
schen Helligkeiten stimmen sehr schlecht unter einander: s. z. B. die Sterne 
a, k und m in HA 74. Zwischen f (7™.6) und k (9™.0) kommt leider in 
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TABELLE I. 
EE eee 
BD |HacEN| St. PD PD red |HA29 HA 74|HA97/98| H 

ee A ee Cs 
cl4 s°4o00| — | 65.4] 5.42 WG |5.32 5-12| -— |5.37F2| 5.28 
A G06,3078 | — O71 Sh hoes = | ey 14.665 wees 
x|+ 6.3989] — | 57.7| 6.47 Gw | 6.20 _ | 6,21 |6.38 R5) owt 
a|/+ 8.3951; 1 | 52.8) 6.44G |6.47 6.53| [5:97]|6.62 K2| 6.47 
b|+ 5.4081; — | 49.8] 6.74GW—|6.45 6.46] — 16.34 A2| 6.76 
c|+ 6.4014| — ~| 48.0] 7.08 WG |7.00 6.90] — |6.88F5| 6.94 
dln Gse02tdy ea 7-4 ae oid 7 064 O87 2) = ear Bees 
el 5.40350 oe AGT esa GW 1906 7.18} — |7.11 A2| 7.06 
f (7239871 Ea 435) 7-63. GW 17,38 7.44| — |7.39 A5|.7.55 
Hite 723988418 = 23.6 = is ~ |. 3, Pees ae 
i eb 825077 12 eed Ss — | 9.00] [8.32]}9.09 B9| 8.97 
r\4- 7.3970| ~.7 120.6 S c  RNS 16 | $6: pues 9.52 
mm | 4nTs3060 43 te es — | 9.86} 49.431) = 9.92 
pe lhoT, 3952 15> oh 12:4 Bh Grenze = = eis eee: 10.30 
n (+ 8.3968] 23 | 6.4'|.11.08 5 10.071 17104 10.85 
pal ete 30 | 0.0 = = “Hit,69 11 a7 11.48 


keinem photometrischen Katalog ein passender Vergleichstern vor; insbe- 
sondere ware der photometrische Wert von h der genauen Aufstellung der 
Skala zu statten gekommen. 

Stern n wurde 14-mal an die Grenze von S angeschlossen. Die Stufen- 

skala bezieht sich auf die Helligkeit 8™.0; der Stufenwert ist 0™.095. Der 
Anschluss an die photometrischen Helligkeiten ist mit Ausnahme der 
Sterne 6 und 1 befriedigend. 

Es liegen 144 Schatzungen der Farbe vor, welche fiir fast drei Viertel 
aus den Jahren 1905 bis 1910 stammen. Aus den Tabellen Ila und IIb 
geht hervor, dass sich die Farbenauffassung im Laufe der Jahre kaum 
geandert hat; eine Abhangigkeit der Farbe von der Helligkeit ist aber 
angedeutet: von 6™ bis 10™ vertieft die Farbe sich etwa von 4°.6 bis 5°.5. 
Das allgemeine Mittel ist 5°.01. 

Die Figur 1 enthalt die Beobachtungen, alle auf R reduziert. Vielleicht 
miissen die Schatzungen 2424331 — 4404 (5 an der Zahl) um etwa 0™.7 
niedriger angesetzt werden. Es liegt namlich die Vermuting nahe, dass hier 
fiir die benutzten Vergleichsterne n und p statt m und n zu lesen ware. 
Auch das Minimum kame dann etwa um 0™.6 niedriger zu liegen. 


A. A. NIJLAND: MirtLere LICHTKURVEN VON LANGPERIODISCHEN WERANDERLICHEN. XX. R AQUILAE. 


T = ais. See 
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% a ae \ oS NN se ~/ ‘, t2 
1906 Peet 1907." "oe (#1908 pg iac8 1910 


a a 


i2 
3600 9800 2420000 0200 0400 0600 0800 1000 
t 
At bi rai AV 6 
\ VR 
at 4 | s * a “i 
a aN N \ 8 
* + 
\ Sg ] \ af * ,. 
tt e R *, 9 e 
, s / \ X 
x A x ots *e ip * 2 2 vy SS ie 
ax ! ~~ S Ge se, ¢ en ~~ Pad SS ry 
1912 be EE) A 1914  \ee—|5' So 1915 pom 1916 
le 4 
12 
2000 
1800 2200 2400 2600 2800 3000 3200 


l J af \ d s 
1918 if 1919 a SoHE °"'1920 on ee (921 SS : (922 ecg 
e @ e of 


4000 4200 4400 4600 4800 $000 5200 5400 5600 


6200 6400 6600 €800 7000 7200 7400 


* EX R AQUILAE 


6 
ne iy * / s ™® / ae PERIODE 312° 
+ + A ae iN / 
eee Coe fx ; 4 \ e 
to jr © +; + Ft / 
Mg x ae ‘ } ius \ @=R 
: “ g NS j * “ \ 
XS J ne Ma ne por & o NS he s f 
‘e° oe. whic? PSQ5 = &t 
ee HE sy i932 oe a! prone 2 
Fig. 1 


Proceedings Royal Acad. Amsterdam, Vol. KOCK WAL, 1934: 


749 


TABELLEN Ila und IIb. Farbenschatzungen. 


Zeitraum n Grésse n Farbe | Grdésse n Farbe 
241 m c m c 
69797336 21 Sn 52 52/8 12 A067 7.98 12 5.17 
7350—7615 Piel 4543 fr 5.99 12 2. ¥/ 8.64 12 Deos 
7638—7907 Zh iar all Gals 12 al 9.16 12 Ao) 
7916—8291 21 D0 6.34 12 4.52. \. 9.75 12 3) 755) 
8303—8936 20 4.83 || 6.69 12 eoedey I EI 12 5.08 
9161-1137 16 5.18 (a8 12 4.96 10.39 12 5.91 
2620—7523 24 5.42 144 5.01 
144 


Die Reihe der Abweichungen (Beobachtung minus Kurve) zeigt 242 
Plus-, 291 Minuszeichen, 201 Nullwerte, 279 Zeichenfolgen, 253 Zeichen- 
wechsel. Das Mittel der absoluten Werte der Abweichungen ist 0™,117. 

Ein Einfluss des Mondscheines auf die Helligkeitsschatzung ist nicht 
bemerkbar. Es verteilen sich auf 291 bei Mondschein angestellte Beobach- 
tungen die Abweichungen wie folgt: 114 Plus-, 109 Minuszeichen, 69 
Nullwerte. | 

Die Tabelle III enthalt die aus der Kurve abgelesenen Epochen der 
Minima m und der Maxima M, nebst einer Vergleichung mit den einfachen 
Elementen R: 

24221614 + 3124 EF (fiir die Minima) 
und 2422288 + 3124 E (fiir die Maxima). 


Aus der Reihe der iibrigbleibenden B—R geht hervor, dass in den 
Jahren 1905—1934 die Periode von R Aquilae noch immer in starker 
Abnahme_ begriffen war, sogar noch starker als man es nach den von 
G. MULLER abgeleiteten Elementen (G u L II 178), wo ein drittes Glied 
die Wirkung des quadratischen Gliedes teilweise aufhebt, und auch nach 
der Neubearbeitung von R. MULLER (Astr. Nachr. 223, 186) erwarten 
wiirde. Ich méchte mich auch bei diesem Stern wieder zu der Ableitung 
von Elementen beschranken, welche fiir die Jahre 1905—1934 die Epochen 
der Minima und Maxima innerhalb der unvermeidlichen Beobachtungs- 
fehler darzustellen imstande sind. Die durch die Hinzuziehung eines 
quadratischen Gliedes verbesserten Elemente F lauten: 


d 
BArANCO 7) 3113.9 HF = 04.278), 
2316 .6 
9638 018 0.020. (mE): 
M—m 


=p == 0;411. 


50 
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TABELLE III. 


t++++++4++44 


— — 
o-= 


CO AN DMN BP wWNeK OK NY BU DN CO 


10 


Minima m 


241 


241 
ra = 6944 
Pe ia ees P| ey 
—= 29:1, 5, jh '7560 
33 A 9 7 ese 
— 18/-+ 1] 8210 
=e 17) eee Sl B54 
= $4} 2 8853 
+ 20| + 20 || 9187 
+ 13|+ 7 || 9500 
+ 30} + 20 |} 9818 
242 

+25} + 11 |} 0124 
+26}+ 8]|| 0448 
+ 38 | + 17 || 0757 
+ 24) + 1070 
+ 33}+ 8 || 1380 
+25/— 1 |] 1682 
+ 11] — 16 || 1996 
+ 33/+ 6|| 2313 
+18|— 91] 2628 
+ 14] — 12 || 2930 
+ 24] — 1 |] 3238 
+ 7|— 15 || 3554 
+ 9] — 11 || 3866 
+ 6/— 11 || 4161 
+11} — 2]|] 4485 
+ 8]— 11] 4790 
23. 1741 65089 
= "15 [2-113 | 5400 
— 5|/+ 3]| 5718 
=i 19.) 25516020 
— 1/-+ 20], 6340 
= 30)|-— 1) 6640 
— 35|/ + 31] 6932 
— 27|/+ 19 || 7236 
= 625] eae || 17532 


ion) 


WMNHDMMMDDN DMT HDHMNHMANNHDNN DNDN UA VDA WN ao 
~BeNNOUUMNAN BAA OKO OA GOA OADAOMON DAWA N = OC wN wb 


| 
Ww 
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Aus den mitgeteilten mittleren Fehlern, sowie aus der Tatsache, dass 
in der Spalte der B—F, sowohl bei den Minima wie bei den Maxima, 
die Zeichenfolgen stark iiberwiegen, geht hervor, dass das Resultat keines- 
wegs befriedigend zu nennen ist, Es hat aber keinen Zweck, durch weitere 
Rechnungen einen besseren Anschluss zu erzielen; das muss spateren 
Untersuchungen iiberlassen bleiben. 

PRAGER’s Katalog fiir 1934 gibt den Periodenwert 3054.4 und das aus 
samtlichen von mir seit d. J. 1905 in den Asér. Nachr. mitgeteilten Epochen 
der Minima und Maxima abgeleitete allgemeine Mittel ist 3124, 

Die extremen Werte des Lichtwechsels sind: 


Minimum: v—11™.10 + 0™,098 
Maximum: v= 6 00 +0 .142 eye 

Die Amplitude betragt somit 5™.10. Sowohl beim Minimum wie beim 
Maximum scheinen die Abweichungen vom Mittelwert regellos aufzutreten. 
Jedenfalls ist von einer allmahligen Vergrésserung der Amplitude — sei 
es durch Erhdhung der Maxima, oder durch Erniedrigung der Minima — 
welche die G und L, iibrigens mit grossem Vorbehalt, erwahnt, nichts zu 
bemerken. 

Es wurde wieder der mittlere Verlauf der Lichtkurve in der Umgebung 
der beiden Hauptphasen durch Ablesung der Helligkeit fiir je 104 abge- 
lesen. Bei den Maxima 2417890, 2425400 und 5918 sind Verzégerungen 
im Aufstieg angedeutet; sonst verlauft der Lichtwechsel glatt, und in 
meinen Beobachtungen ist von Nebenmaxima, Stillstanden oder kleinen 
Erhebungen auf dem absteigenden Lichtzweige (G und L) nichts zu 
bemerken. 

Die beiden Teilkurven schliessen sich genau an einander an (s. die 


TABELLE IV. Die mittlere Kurve. 


Phase v Phase v Phase v Phase v Phase v 
ey oe | se 10.90 |e 40 1110.63 11-4100] 6.64 | 4180)" 7.84 
— 90 | 9.41 || — 20 | 11.01 ||+ 50] 10.35 |/+ 120] 6.08 |/4+ 190] 8.25 
— go | 9.76 || — 10 | 11.08 ||-+ 60] 10.02 |/+ 130] 6.03 |/+ 200] 8.65 
Boh 10.06 We 08 11.40 + 70) 9.54.1) 4-140) 6.22 |} 4-210! 9.00 
— 60.| 10.33 || + 10 | 11.09 |i + 80| 8.91 || 4+ 150) 6.61 ]/+ 220] 9.35 
— 59 | 10.55 || + 20 | 11.01 |/+ 90] 8.19 |/+ 160] 7.02 
— 40 | 10.73 || + 30 | 10.85 |/+ 100] 7.40 ||-+ 170| 7.43 


DOE 
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Fig. 2) und geben zusammen den Verlauf der mittleren Kurve (Ta- 


belle IV). 


Mitthre Kurve 
R Aquilae 
Periode 3/2% 


Die Streuung in der Nahe von 504 erreicht die Werte: 


m M Mittel 
im aufsteigenden Aste: 0™.128 "316 OM Zaz 
im absteigenden Aste: 0 .098 D250 0 nir4 


Mittels.. 0 .113 Onn os 


Die Streuung ist wieder grésser beim Maximum und grésser im auf- 
steigenden Aste. Das Verhaltnis der Streuungen 0™.252 und 0™.174 ist 
1.45, das Verhaltnis der durchschnittlichen Geschwindigkeiten des Licht- 
wechsels bei Auf- und Abstieg 1.43. 


Utrecht, November 1934. 


Chemistry. Complex Salts of a-a'-Dipyridyl with Zinc and Cadmium. 
By F. M. JAEGER and J. A. vAN Dijk. 


(Communicated at the meeting of November 24, 1934). 


§ 1. Ina series of papers from this laboratory!) we already described 
a number of complex salts of bivalent iron, nickel and copper with 
a-a’-dipyridyl. In the present paper the results are communicated of an 
analogous investigation concerning the complex ions of the same base with 
zinc and cadmium. 


§ 2. Zinc salts. If to a solution of zinc sulphate: ZnSO, + 7H,O 
three equivalents of dipyridyl are added, colourless crystals are deposited 
on slow evaporation in vacuo at room-temperature, which, on analysis, 
prove to be tridipyridyl-zinc sulphate + 7 H,O; found: 8,53 % Zn, 
11,13 % N, and 16,66 % HO; calculated: 8,64 % Zn, 11,12 % N, and 
16,69 % HO. 

The monoclinic crystals are completely isomorphous with the correspond- 
ing nickel- and copper salts. 


Monoclinic-prismatic. 
ato) 622 5,5389 31° 0,9132; 
Be262°13147% 
Forms observed: a=={100}, r={101}, and s— {101}, almost equally 
broad, {100} mostly being somewhat better developed than the others; 


Fig. 1. Crystalform of Tridipyridyl-Zinc sulphate (+ 7 H2O). 


m = {110}, rather broad ‘and lustrous; y = {011}, small, but well 
measurable. The crystals are thick-prismatic and somewhat elongated 
parallel to the b-axis. (Fig. 1). 


1) F, M. JAEGER and J. A. VAN DIJK, Proceed. R. Acad. of Sciences, Amsterdam, 37, 
(1934), 10, 333, 395. In the course of these investigations attention was drawn to the 
remarkable fact that the special type of the possibly occurring complex ions often proves 
to be dependent on the specific nature of the anion of the salts used in these experiments. 


I 
TK 
a 


Angular Values: Observed: Calculated : 
ar = (100) 20101 aoe _- 
a:s ==(100):(101)—* 65 11 — 
atm == (100): {1 10)" 56 2444 — 
r:s ==(101):(101)= 61 9 61° 9’ 
m:m =(110):(110)= 66 31 66 31 
mry ==(110) X01 1f==) (51 57 51 584 
yes = (O11 (10 =m S114 51 20 
m:s ==(110):(101)= 76 49 76 414 
mem =a (IO HAID DD ==. Sri Five 
yie =(011):(101I)—= 49 17 49 22 
met = (110) (0M) = 594 59 36 


No distinct cleavability was observed. 


From a solution of the original zinc sulphate with two equivalents of 
dipyridyl first a white, only slightly soluble salt, crystallizing in small 
needles, is deposited; subsequently thick crystals of the tridipyridyl salt 
just mentioned can be obtained from the mother-liquor. The white, less 
soluble salt proves to be a monodipyridyl salt of the composition ; 


§ 7, (Dipyr) (SO,). Analysis yielded: 18,34 % Zn: 7,92 % N:; 


A" (HO), § 
28,28 % (SO4); 9.41% H.O:; theoretically: 

18,49 %Zn; 7,92% N; 27,17% (SOx), and 
10.19 % H,O. The water is not driven out in a 
vacuum above sulphuric acid, but only after 
heating at 150°C., so that, with respect to the 
co-ordination number four, it is most probable 
that the 2 molecules of water form part of 
the complex. The percentage of the (SO,) is 
always a little too high, — which seems to 
indicate that part of the water can be substituted 
by (SO,), exactly as was observed in the case 
of the corresponding iron salt. Also from the 
solution of the zinc sulphate with one equivalent 
of dipyridyl this monodipyridy] salt is deposited. 
A didipyridyl salt seems not to be formed in 
aqueous solutions. 

Monodipyridyl-diaquo-zinc sulphate crystal- 
lizes from its aqueous solutions in very small, 
thin monoclinic needles. 


Fig. 2. Crystalform of Mono- Monoclinic-prismatic. 
dipyridyldiaquo-Zinc sulphate. as b:C="1 21751. 05s15 
fete OW Pa: 


Forms observed: a={100}, broader than m—{110}; q=—{011}, all 
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yielding sufficiently sharp reflections. The crystals are prismatic, with 
their elongation in the direction of the c-axis. 


Angular Values: ') Observed: Calculated: 
a:m =(100):(110)—* 49° 52’ — 
m:q ==(110):(01:1)—=* 61 22 — 
m:q ==(110):(011)=* 77 6 — 
q:q —=(011):(011)= 54 44 ae pee WA 
asqn—(100) (011s 78528 48.33 
m:m ==(110):(110)= 80 16 80 16 

A distinct cleavability could not be stated. 

On {100} an axial image may be occasionally observed; the plane of 
the optical axes is {010}, the first bissectrix being almost perpendicular to 
{100}. Strong, inclined dispersion. 


§ 3. The same experiments now were made, zinc chloride being used 
instead of the sulphate. 

From the solution of 1 mol. (zinc chloride + 14%H,O) + 1 mol. dipyridyl 
a colourless salt crystallizes in the shape of intergrown, irregularly bordered 
needles ; its solubility is about the same as, or at least comparable with, that 
of the tridipyridyl salt to be described later on. 

Analysis yielded: 22,31% Zn (in the anhydrous salt); 9.41% N 
no loss of water, even at 150° C., occurred; for the monodipyridyl-zinc- 


chloride : § Zn Fae! is calculated: 22,36% Zn (in the anhydrous 
3 | 
salt); 9,58% N 


The salt is more soluble than the corresponding cupric salt formerly 
described. It may be that also a monodipyridyl salt with two molecules of 
water can exist. 


§ 4. From a solution of zinc chloride to which 2 or 3 equivalents of 
dipyridyl are added, flat colourless crystals of the tridipyridyl-zinc-chloride 
are deposited. They crystallize with 7 molecules of water, as may be seen 
from the following data: 

On analysis they yielded: 9,05 % Zn, 11,30% N, and 17,47 % HzO 
theoretically: 8,95 % Zn; 11,50% N, and 17,25 % H,O 

Tridipyridyl-Zinc-Chloride: {Zn (Dipyr)3} Clz + 7 H2O, crystallizes 
from its aqueous solutions in small, strongly refracting, SP crystals 
or parallelogram-shaped, thin plates. 

Monoclinic-prismatic. 
a:b:c=0,6304:1:2,1051 ; 
B= 42°43. 
Forms observed: c— {001}, predominant and very lustrous ; m= {110}, 


1) These values were measured by means of the bicircular goniometer by Mr. W. J. 
VAN WEERDEN, candidate of chemistry at this laboratory. 
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yielding very sharp reflections ; q= {011}, small, but very well measurable; 
a= {100}, very narrow, yielding feeble reflections; sometimes very 


Fig. 3. Crystalforms of Tridipyridyl-zinc-chloride. 


narrow, w= {118} and «= {115}, dull and only approximately measur- 
able. The crystals are flattened parallel to {001}. 


Angular Values: ~ Observed: Calculated: 
crm a= (0012 (110)=" 7575. — 
cig. a= (OL Ol ao" 635. 33 — 
m:m ==(110):(110)=* 59 54 —_ 
m:q =(110):(011)= 55 24 55° 39 
ma, s2(110)(100j==) 296 57 2957 
arc (= f100)< 001j)s=" *725 53 722743 
c:@ ==(001):(118)—= 22 45 22° 30 
cole (001s (115) =3 cS 31753 


No distinct cleavability was observed. 


The plane of the optical axes is perpendicular to {010} and practically 
perpendicular to {001}, so that the normal on {001} is the first bissectrix, 
probably of positive character, although the birefringence is so weak that no 
accurate determination is possible. The apparent axial angle is rather small, 
about of medium size; the dispersion is strong: 9 < v and has an 
apparently rhombic character. 

Evidently only the mono- and tridipyridyl salts are formed in the case 
of zine chloride, — exactly as in the case of the corresponding sulphate. 


§ 5. Cadmium salts. Solutions of cadmium nitrate were mixed with 
1, 2 or 3 equivalents respectively of dipyridyl and slowly evaporated at 
room-temperature. The solution containing 3 molecules of dipyridyl yielded 
long, slightly soluble, colourless needles, which, on analysis, proved to 
correspond to a di-dipyridyl salt of the composition: {Cd (Dipyr)»o} 
(NO3)2 + 4%He2O; found: 20,15 % Cd, 14,98% N and 1,62 % H.O; 
calculated: 20,16 % Cd, 15,07 % N, and 1,62 % HO. 

From the mother-liquor the corresponding tri-dipyridyl-cadmiumnitrate : 
{Cd (Dipyr) 3} (NOs). + 7 H2O crystallizes, as was proved by analysis: 
13,67 Yo, Cd, 13,64.7o NPIS A Ga ta@s theoretically: 13,53 % Cd, 
13,47 % N, and 15,18% H.O. The crystals soon lose their water of 
crystallization when exposed to the air. 

Also from a solution of the nitrate with 2 equivalents of dipyridyl, the 
di-dipyridyl salt just mentioned is primarily deposited; however, from the 
mother-liquor later on colourless rhombic crystals are deposited, which 


13% 


have the same composition and which — as far as the very badly developed 
needles first mentioned allowed a measurement by means of the bicircular 
goniometer — seem to have also the same crystallographical form as the 
needles of the didipyridyl salt mentioned above. 

Finally from a solution of cadmium nitrate + 1 equivalent of dipyridyl 


colourless, lustrous crystals are formed, which proved to be oe ee 
(NO3)2; they already lose their water in vacuo at room-temperature. The 
crystals commonly are badly developed and often show curved faces. On 
analysis they proved to contain: 26,40% Cd; 13,03% N, and 8,10 % 
H.O; theoretically: 26,23 % Cd, 
13,07 % N, and 8,40 % H,O. 


§ 6. Tridipyridyl-Cadmiumnitrate: 
{Cd (Dipyr)3} (NO3)2 + 7H,O 
crystallizes in small, rather isometric- 
ally developed crystals, which soon 
become opaque, so that rapid mea- 
surements have to be made. The 
crystals are badly built: in the zone 
m:r:q:m the angular values are 
appreciably oscillating, the differen- 
ces for the same angles amounting 
from 1° to 4°, and in the zone m:m 
from 1° to 2°, 


Rhombic-bipyramidal. 
a7e.c=——0,9011717.0,8232) 


The forms observed are: m == 

= {110}, broad, well reflecting; r= 

S = {101} and: iq == {O11}, about 

Fig. 4. Crystalform of Tridipyridyl- equally large, often yielding dull 

seams pitrate. reflections; w = {112}, very small, 

sometimes absent. The habitus of the crystals is thick-prismatic, occasionally 
elongated parallel to the c-axis. 


Angular Values: Observed : Calculated: 
m:m=(110):(11 10)= =* 84° 3’ (83° 30’—84° 30’) — 
m:r —=(110):(101)=* 59 56 (59°—61°) — 
eg =(101):(0llj=— 55 48 (53°.30’—57° 30’) Doe bos 
q:m==(011):(110)= 64 16 (63°40’—65°30’) 64 49 
peer (101) 4112) 27-18) (26° 30’—28° 30’) 26 464 
j= 


o:q =(112):(011 28. 30 (28°  -29°30’) 28 +284 
No distinct cleavability was observed. 
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Here the remarkable fact can be stated that in its habitus as well as in 
its angular values, this salt shows a complete analogy, not discernible from 
real isomorphism, with: {Fe (Dipyr)3} Cl, + 7H ,O; i.e. an isomorphism 
appears to exist here between a nitrate and a chloride of the same type. 

Solutions of both salts were mixed in very different proportions and left 
to crystallize at room-temperature. In all cases only red, completely homo- 
geneous mixed crystals were deposited, so that the perfect miscibility of 
the two compounds in the solid state is proved beyond all doubt. 


§ 7. Didipyridyl-Cadmiumnitrate : {Cd (Dipyr)2} (NOs). + 4% H2O 
is rhombic. On slow evaporation of the solution at room-temperature the 
salt crystallizes in big, flat colourless plates, with hexagonal boundaries. 

They are rhombic-bipyramidal, with : 


a0 DiC Ie oOo eee Oo 


Forms observed: o = {122}, very lustrous and well developed as 
terminal faces of the elongated tables; a= {100}, predominant, vertically 
striated and yielding bad and multiple reflections; m= {110}, narrow, 
mostly dull and often striated; b= {010}, narrow, but very lustrous. 


Angular Values: Observed: Calculated: 
O20 = (122){122)— a7 — 
0:0 =(122):(122)= 34 46 — 
O* bea (Av) (O10) == eae 42° 463’ 
8:2 Ore OO N22) 2 oe. 72 3, 
avn = (100) (110) = 6 5035 D0g at 

m= b= (1 IO)< (010) 22 39522 39°49 


No distinct cleavability was found; perhaps 
one parallel to b is present. 

On the faces of the vertical zone the optical 
extinction is perpendicular to the c-axis. The 
plane of the optical axes is {001}, with a as the 
first, positive bissectrix. The apparent axial angle 
is rather small; strong dispersion. 

The fine needles first separated out from the 
solutions of cadmium nitrate and 2 equivalents of 
dipyridyl were measured by Dr, TERPSTRA by 
means of the bicircular goniometer. The crystals 
are so small and so badly developed that it 
appeared hardly possible to decide whether they 
are monoclinic or rhombic: in the latter case their 


Fig. 5. Crystalform of ; ; 
Didipyridyl-Cadmium  2Xial ratio must approximately be: a:b:c— 


nitrate. =2,6:1:1,28, with the forms: {100} and {111} 
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and with {001} as the plane of the optical axes, the a-axis being the first, 
positive bissectrix. If we take into account that the pyramid of the thicker 
crystals described above really is {122}, so that the approximate axial 
ratio of the needles then would become: a:6:c=—1,3: 1: 1,28, that 
moreover, the optical properties of the latter are completely analogous to 
those of the big crystals, and that the chemical composition also is the 
same, — then it seems allowable to conclude from this evidence that the 
two preparations are identical. 


§ 8. The Mono-dipyridyl-Cadmium nitrate: ) Cd (HO), (NO3)>5 
2U)2 
crystallizes in aggregates of thin, rectangularly shaped plates of monoclinic 
symmetry; the individual crystals are very lustrous and yield sharp 
reflections, but gradually they become opaque. 


Monoclinic-prismatic. 
asp wc= 295059 11,6981; 
Be 7414" 


Forms observed: a=({100}, predomi- 
nant and very lustrous; m=({110} and 
c— {001}, about equally broad and yiel- 
ding very sharp reflections; r= {101}, 
somewhat narrower than s—= {101}, both 
very well reflecting; t— {305}, often 
absent, sometimes only present with a, 
m, and c. The habitus of the crystals is 
tabular parallel {100}, with a slight elon- 
gation in the direction of the c-axis. 


Fig. 6. (Fig. 6). 

Angular Values: Observed: Calculated: 
a: m= (100): (110) =* 67°. 50’ — 
a gem 100)s(101)==* 645 45 -- 
Bice Oly (Q01}=**) 28° © 29 -- 
m:m=(110):(110)= 44 20 44° 20’ 
ess =(001)((101)—=. 37 52 38 «2 
s:a =(101):(100)= 67 54 67 44 
e:t =(001):(305)= 56 52 56 483 
e:m==(001):(110)= 84 rf 8&4 7 
m:r =(110):(101)= 74 48 74 44 
m:s =(110):(101)= 81 45 81 464 


No distinct cleavability was observed. 
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On {100} normal extinction, on {110} under a small angle with the 
direction of the c-axis. 

In the near future we hope to be able to communicate the results obtained 
with some other cadmium salts of this type. 


Groningen, Laboratory for Inorganic and 
Physical Chemistry of the University. 


Chemistry. — Isomerism of the cyclic isoprene sulphones. By J. BOESEKEN 
and E. DE Roy VAN ZUYDEWIJN. 


(Communicated at the meeting of November 24, 1934). 


On the ground of theoretical considerations INGOLD and ROTHSTEIN 
(Journ. Chem. Soc. 1929, 8) concluded that strongly positive groups, such 


as —_NR, and Ose in the presence of KOH, are able to activate 
a potentially mobile three-carbonsystem, to which they are attached. They 
demonstrated it for the first group; in unsaturated sulphones of the type 
R-SO.-propenyl this did not succeed, owing to linkage of H-OH to the 
double bond (Journ. Chem. Soc. 1934, 684). 

It is to be expected, therefore, that the transposition of the cyclic isoprene- 
sulphone in alkaline solution under the influence of ultraviolet light, found 
by EIGENBERGER (Journ. prakt. Chem. [2], 129, 312 (1931)), of which 
we already pointed out the improbability of a cis-trans conversion (Rec. 
trav. chim. 53, 673 (1934)), is.a tautomeric transposition. In that case not 
the application of ultraviolet rays, but KOH would be essential to the 
transposition ; indeed also after ten days in the dark the cyclic isoprene 
sulphone dissolved in 0.5 n KOH is for aconsiderable part converted into its 
isomer. The light only has an accelerating effect. Whereas in isoprene 
sulphone the equilibrium appears to be situated far to the side of the 
isomer, we found as the result of some preliminary observations that this 
is not the case in the cyclic sulphone of butadiene. Either by exposure to light 
or by simply leaving a solution in 0.5 n KOH for some days, from the 
butadiene sulphone melting at 63°, regularly an oil is formed which does 
not set even in ice and salt. 

The decomposition at 180° of the ordinary butadiene sulphone was 
made use of in order to separate it from the formed stabler isomer. 
A substance was left behind which is a solid at the usual temperature 
(meltingpoint 45—50°) and could be distilled without decomposition in the 
cathode-vacuum (yield about 1/3 of the original sulphone). On rubbing 
together this isomer with the original substance, we again obtained a 
non-setting oil. 
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Being exposed to the action of 0.5 n KOH, the isomer changes again 


into an oil, which dit not solidify at 0°. Very likely we have to deal here 
with an equilibrium: 


MV 


Nea Bee 
ey a 
fey So, 
é-sulphone a-sulphone 
which is apparently situated at about 2/3; B and 1/3 a. 

The constitution of the isomeric cyclic isoprene sulphone was proved 
by us by means of ozonization, according to the method previously des- 
cribed1), in a mixture of equal volumes of chloroform and water. 

The ozonization product was freed from HCl and formic acid in a 
vacuum essicator above KOH, and the residue neutralized with BaCOsz. 

The Barium salt, recrystallized from water and alcohol, produced the 
following figures of analysis. 


ee 2247and 21.5°%, H == 3.6 and 3.6 %. S= 14.6%; 
Ba==31.1 and 30.9 %. 


Calculated for: BayO;SCH,CH,COCHs3 or Ba;OsSCH,CH-CHO 
CH, 
C=271.8-%. H = 322.90, pan 145 Wo. Bas=Gltl Ge. 

This Barium salt had very slightly reducing properties. With an alkaline 
solution of Bromine, however, it produced bromoform. Consequently there 
are indications for an aldehydic acid as well as for a ketonic acid. Here 
also the double bond is shifted from the f- to the a-position. 


= CH; CH; 


nh 


SO? SO? SO? 
I I] 

This may give rise to two isomers; in view of the potassium (and light ) 
stability of the dimethyl-butadiene sulphone we chietly expected isomer i 
This appears to be not the,case. A quantitative determination will have 
to explain this, when it has also to be considered whether indeed equilibria 
are established between the three isomers. At any rate this investigation 
has done away with the exceedingly improbable representation of 
EIGENBERGER 2), assuming the isomerwation to be a cis-trans-conversion. 


1) Recueil 53, 673 (1934). 
2) J. Prakt. Ch. [2] 127, 307 (1930); 129, 312; 131, 289 (1931). 
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Finally we remark that from the dissertation recently published by 
J. StRATING, Groningen, it appears that, in the investigation of the cyclic 
tertiary butyl-butadiene sulphone and its isomer by means of the same 
ozonization method, he arrived independently at the same result. The 
isomer isolated by him had, as appeared from the oxidation products, 


C (CH3)3 Sea be Koka 


SO? . SO? 
the structure represented above. 


Delft, 24» November 1934. 


Embryology. Uber die Determination der fotalen Augenspalte bei 
Amphibien. Von M. W. WOERDEMAN. 


(Communicated at the meeting of November 24, 1934). 


Uber das im Titel angegebene Problem liegt eine Untersuchung vor von 
SATO (1933), der schon auf der Versammlung der Deutschen Zoologischen 
Gesellschaft in Utrecht (1931) iiber seine vorlaufigen Resultate einen 
Vortrag hielt. Bei der Diskussion habe ich damals mitgeteilt, dass ich zur 
Beantwortung einer anderen Frage mit ahnlichen Experimenten beschAaftigt 
war und in manchen Hinsichten zu demselben Resultate gekommen war. 
An anderer Stelle habe ich iiber diese Untersuchungen berichtet (Zeitschr. 
f, mikr. anat. Forschung, Bnd. 36, 600, 1934. Festschrift fiir BOEKE). 

Hier werde ich nun einige Wahrnehmungen beschreiben, welche als 
Erganzung der Arbeit von SATO. betrachtet werden kénnen. 


Der genannte Autor hat bei Keimen von Triton taeniatus (Neurulae mit 
eben geschlossenem Neuralrohr und gestreckte Embryonen mit trager 
Bewegung und erstem Pigment) die Augenanlage umstochen, samt der 
dariiber liegenden Epidermis herausgeschnitten, um 180° um ihre proximo- 
distale Achse gedreht, wieder eingepflanzt und zur Einheilung gebracht. 

Es treten dann nachher Larven auf mit einer herkunftsgemass entwickel- 
ten dorsalen, oder mit ortsgemasser ventraler Augenspalte, und Larven 
mit abweichender Richtung der Spalte oder mit zwei, event. drei Spalten. 
Offenbar sind die Einstiilpungs- und Wachstumstendenzen, welche zur 
Ausbildung der Spalte notwendig sind, bei den Versuchstieren, welche 
eine herkunftsgemasse Augenspalte entwickelten, schon determiniert 
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gewesen. Wenn sich aber eine ortsgemasse ventrale Spalte entwickelt, oder 
wenn das Auge nachher eine dorsale und eine ventrale Spalte besitzt, so 
muss man annehmen, dass diese Wachstumstendenzen und die Einstiil- 
pungsstelle nicht endgiiltig determiniert waren und Umgebungsfaktoren bei 
der endgiiltigen Determination der Spalte mitgewirkt haben. 

SATO kommt also zu der Schlussfolgerung, dass die Richtung der fotalen 
Augenspalte durch zwei Faktorengruppen bestimmt wird, namlich: durch 
dem Auge inharente Einstiilpungs- und Wachstumsvorgange und durch 
Umgebungsfaktoren (nachtragliche ventrale Verbindung mit dem Gehirn.). 

Die Verteilung der einzelnen Versuchsergebnisse auf die Operations- 
stadien sei nach dem Autor zu erklaren durch die Annahme, dass die 
Determination der inharenten Wachstumsvorgange im Laufe der 
Operationsperiode erfolgte und nachher immer stabiler wurde. 

Nun besteht noch immer Ungewissheit iiber die Frage, in welchem 
Grade die zukiinftige Augenstruktur schon in der Neuralplatte deter- 
miniert sei. 

Da ich nicht nur Experimente ausgefiihrt habe, die denjenigen von SaTo 
ahnlich sind, sondern auch jiingere Operationsstadien (Keime mit eben 
angedeuteter Neuralplatte) benutzt habe, kénnen meine Versuche die 
Ergebnisse SATO’'s fiir jiingere Entwicklungsstadien erganzen und zu 
gleicher Zeit einen Beitrag liefern zur Beantwortung der Frage nach dem 
Determinationszustand der Augenanlage in der Neuralplatte. 


Meine Versuchstiere waren Keime von Triton taeniatus, Rana esculenta 
und Axolotl. An der rechten Seite wurde das augenbildende Bezirk der 
eben sichtbaren Neuralplatte [Augenplatte, MANCHoT (1929) und 
WOERDEMAN 1929)] umschnitten, von der Unterlage freiprapariert und 
dann (also ohne Unterlagerung) um 90° gedreht und wieder eingepflanzt. 

Die Verklebung der Neuralwiilste im Operationsgebiet war manchmal 
etwas verzdgert, oft nicht ganz normal. Es bildeten sich in sehr vielen 
Fallen abnormale Augen. Doch auch fand ich bei meinen Versuchstieren 
Augen, die normal entwickelt waren. 

Bei den abnormalen Augen wurde die Richtung der fétalen Augenspalte 
genau untersucht und es stellte sich nun dabei heraus, dass: 

a. Augen gebildet waren mit schiefstehender Augenspalte, 

b. mit geknickter Spalte, und 

c. mit einer herkunftsgemassen und einer ortsgemassen Spalte. 

Von jeder der drei Richtungsabweichungen gebe ich ein Beispiel. In 
Abb. 1A ist eine Neurula von Rana esculenta abgebildet, bei der einige 
Stunden zuvor die rechte Augenplatte ohne Unterlagerung um 90° gedreht 
war. Der mediale Teil der Augenplatte ist jetzt nach hinten gedreht. 

In Abb. 1B sieht man ein Wachsplattenmodell des Auges, welches 
sich aus der gedrehten Anlage entwickelt hat. Die fotale Augenspalte ist 
noch weit offen und steht schief (Pfeil 3), wie man aus der Richtung des 
Augenstiels (Pfeil 1) sehen kann. Ware die Spalte herkunftsgemass 
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entwickelt, so hatte sie in der Richtung des Pfeiles 2 stehen miissen. Eine 
geringe Abweichung der Richtung weist darauf hin, dass sie sich auch 
nicht vollkommen ortsgemass (Pfeil 1) entwickelt hat. 


A B 


Abb. I. 


Bei einem anderen Keim von Rana esculenta, bei dem dieselbe Operation 
ausgefiihrt war, wie die in Abb. 1A abgebildete, entwickelte sich das 
Auge der Abb. 2. 


dors. 


hinten 


Abb, 2. 
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Es ist wiederum ein rechtes Auge. Die fétale Augenspalte ist zuerst 
nach hinten gerichtet, biegt dann aber rechtwinklig nach der ventralen 
Seite um, und setzt sich auf den Augenstiel fort. 

Der nach hinten gerichtete Abschnitt der Spalte hat sich herkunftsgemass 
entwickelt. Der nach ventral umgebogene Abschnitt entspricht der orts- 
gemassen Richtung. ~ 

Abb. 3A zeigt einen Tritonkeim, sofort nach der Operation, wobei die 
rechte Augenplatte derart gedreht wurde, dass ihr medialer Rand nach 
vorn gekehrt wurde. Der Keim entwickelte sich langsam, nach 12 Stunden 


LS 
SERS SO at 
See 


= 
eeeeees 
aS 


Ss 


Abb. 3. 


war von der Operation nichts mehr zu sehen (Abb. 3B), das Neuralrohr 
hat sich nachher normal geschlossen. 

Bei der Untersuchung des operierten Auges stellte sich heraus, dass 
es zwei Augenspalten besass. In Abb. 3C sieht man das Auge (rechts) 
von lateral (Wachsplattenrekonstruktion ). Es besitzt eine ventrale Spalte, 
die sich auf den Augenstiel fortsetzt (*), und eine zweite, die nach vorn 

51 
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und ventral gerichtet ist (**). Die letztgenannte setzt sich auch auf den 
Augenstiel fort, sie ist die herkunftsgemasse Spalte; die ventrale dagegen 
ist die ortsgemasse. In Abb. 3D sieht man die Augenanlage von vorn und 
kann man die Fortsetzung der herkunftsgemassen Spalte auf dem 
Augenstiel sehen. In Abb. 3E sieht man das Auge von hinten und 
von rechts. 


Aus diesen und ahnlichen, nicht abgebildeten, Fallen geht also hervor, 
dass schon in der Neuralplatte die Richtung der Augenspalte bei meinen 
Versuchsobjekten (Triton taeniatus, Rana esculenta und Axolotl) deter- 
miniert war. Nach Drehung der Augenplatte kann sich die Spalte namlich 
herkunftsgemass entwickeln. Aber unter Einfluss von Umgebungsfaktoren 
kann ihre Richtung auch derart abgelenkt werden, dass sie mehr oder 
weniger ortsgemass verlauft oder geknickt wird. Schliesslich kann sich 
neben der herkunftsgemassen Spalte eine ortsgemasse entwickeln. 

Ich komme also zu Ahnlichen Ergebnissen wie SATO. Aber SATO 
arbeitete mit Alteren Stadien, und seine Untersuchung gab keinen Auf- 
schluss iiber die Determination der Augenspalte in der Augenplatte. 

Wir sehen, dass selbst, wenn die Augenplatte ohne Unterlagerung 
gedreht wird, herkunftsgemasse Entwicklung der Augenspalte mdglich ist. 
Es miissen deshalb wohl in der Augenplatte schon Wachstumsrichtung 
und Einstilpungstendenzen des Auges determiniert sein. Die Determination 
ist aber eine labile. 

Das Entstehen normaler Augen aus der gedrehten Anlage weist darauf 
hin, ebenso wie die Ablenkung der Augenspaltenrichtung. 

Aus SATo’s Untersuchungen geht hervor, dass die Determination 
wahrend langerer Zeit labil bleibt. Das ist auch meine Erfahrung, denn 
nach Umschneidung der sich vorwélbenden Augenblase und Drehung um 
90° habe ich in manchen Fallen normale Entwicklung des Auges bekom- 
men, d.h. mit ortsgemasser Augenspalte (Rana). 

In der Umgebung der Augenanlage wirken Faktoren, die eine orts- 
gemasse Spaltenentwicklung bei gedrehten Augenanlagen bewirken kénnen. 
Thre Wirkung ist es wahrscheinlich, wodurch bei normaler Entwicklung 
die labile Determination fixiert wird. 

Diese, Fixierung findet aber offenbar erst statt bei der primaren Augen- 
blase. 
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Psychology. — Children of the happily and unhappily married. By E. D. 
WIERSMA. (Sécond article.) 


(Communicated at the meeting of November 24, 1934). 


Having previously 1) thrown light on the distinction between the happily 
and unhappily married, we shall consider in this article whether there is 
any relation between the conjugal happiness of the parents and the mental 
condition of the children, in other words, whether any differences may be 
pointed out between children of happily and unhappily married parents. 
For this research also the heredity inquiry has been used. The number of 
children considered amounts to 1607, 70.9 % of which originate from hap- 
pily married, 9.7 % from unhappily married, and 19.4 % from parents about 
whose conjugal happiness no judgment was given. The number of children 
from each marriage amounts on an average to 3.6, from each happy 
marriage to 3.5, from each unhappy marriage to 3.4. According to these 
data conjugal happiness has hardly any or no influence at all on the 
number of children. The investigation of this material comprises the same 
headings as the preceding article1). 


I. List OF PERCENTAGES. 


Children of 

Happy Unhappy | All 

marriages marriages | marriages 
fe Restiesssand vivacious: . 5. « . 43 42 44 
@almeandquiet 4 f= 4. «5 ss 6. 52 5)}| 50 
2 Constantiyediligent . 43>. . . + « - 13 60 66 
Bygeritsmancstartse.e urs Sn + os 17 25 21 
CAPS LES ee Se eee ee 7 10 9 
SemblstiallvinUSVerm imei) «| 3 lee a: / She) 55 55 
Makemthings casivyee 2. =. 2 - «4 -- o2 34 36 
Ze IN oie oe) 4 ee ee 13 19 16 
SY, BBE Ga) Se =e a eee 31 38 35 
TMavelabvaye; Ge 5 2 oo ale we Da 51 50 
Ge Basilysdiscomtited) 4 .-4 . . = - 15) 30 25 
Rersevering aise) of oe ee 48 36 40 
Giibloleeraee” A SC ee 13 26 20 
iy Uhaakotllshys 4 4 Ya eee 38 44 42 
isewelncaccdmemmemn nC sti) 4) = a 40 4] 
Manmofmprinciple Ge) 6. 25. = 3 = 4 5 5 


1) Verhandelingen der Koninklijke Akademie van Wetenschappen. XXXIV, N°. 1. 
A 
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Children of 


a  —————— 


8. 


Whe 


18. 


22, 


Heh. 


aoe 


2a 


26. 


Lhe 


28. 


Resolute 

Irresolute 

Emotional 

Not emotional 

Violent : 
Cool and Momeene 3 


pelrritablers 


Unable to get angry . 
Critical 

Idealizing 

Suspicious 

Credulous 


. Tolerant 


Intolerant 


. Merry and eisehia | 


Sombre E 

Both by turns . 

Calm and equable 
Gloomy . ? 
Light-hearted . 

Easily consoled . 
Grieving for a long time 
At once reconciled . 
Put out for some time 
Difficult to conciliate . 
Variable in sympathy . 
Constant in affections . 


. Attached to old memories 
Taken up by new impressions . > 
. Clinging to opinions once formed . 


Open to new views . 

Easy to talk round . 

Fond of change . 

Man of routine . 

Repeatedly . 

Never 

Once having jel one Prsingss : 
Great plans : : 
Thoughts of a Miata fubling ; 
Of immediate results 

Actions in agreement . 

In contradiction with principles 
Quickness of mental grasp . 
Intelligent 

Superficial . 

Stupid F 
Good judge of iinerd nature . 
Not 


Happy Unhappy All 
marriages marriages marriages 
53 59 53 
27 33 29 
53 56 D3 
35 36 35 
43 45 45 
39 38 37 
38 50 43 
cz 3 fi 
41 ly 31 
30 29 28 
20 26 21 
43 35 39 
81 63 73 
8 13 11 
41 Pe af 
5 ) 4 
30 40 oe 
20 20 20 
PH 29 pute 
39 30 39 
a7, 40 36 
20 17 20 
43 36 a 
31 39 35 
12 iS, 15 
19 30 23 
66 64 64 
47 37 41 
27, ey 29 
22 ZA 23 
53 46 au) 
11 Ve 14 
38 ae 41 
36 35 31 
7 10 2 
52 a4 46 
11 vf 9 
48 of! 48 
30 cal 34 
32 34 33 
64 54 60 
12 20 15 
oy 54 57 
49 46 46 
18 24 20 
3 7 5 
45 38 39 
24 36 30 
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EE 
Children of 


Happy Unhappy All 
marriages marriages marriages 

2ORsPiacticaliae meee bs Bee SO, 67 69 67 
Wapractical@e ym ae, «| SEtt 6 16 20 19 

BU broacsmindeduame. 6 4 £i% aw 63 55 58 
WNarrowsmindedw = «5 <= 4). «.. + 18 29 22 

31. Independent .. . es an 48 63 58 61 
Repeat what others say... .. . 21 26 23 
a2eeWetmitemopinions: \ ws se. 6 s 52 54 51 
(Gouditionallyuas. ees poe a Gs 20 27 22 
Soumlalentator-mathematics 5 25. ; « % 13 10 10 
Wanguagesm ames 4552 Saleen hm 13 ib 11 
Witcia | a. = Sas |e ee 17 19 19 
pile 2 | ean ee one eer eee 8 6 8 
iterarys work aos) 2 een oe 8 6 7 
NCH MMS rs Moo coBS 8s. SES ay Fe 5 5 6 
Imitating, people... 6 ssc. «© 9 9 10 

3a Se Nt EE ho =e An 40 46 a3 
INOGa Witty wane 5 eee Gk 29 37 31 

35. Conversable—, 2 <. Sar! b 3 67 56 63 
Monopolize the conversation . . . . 7 12 9 
Quiet and reserved =. = « .» . .. i9/ 26 19 

36. Good narrator of anecdotes. . .. . 21 2 23 
Wougermstorieseteey ss a) si ae 14 15 16 
Selbmadestoriess. 5. Ges 4+ ws 9 13 11 

Sine WONG INGE Skea 4) s\ G us. pet!» 14 24 18 
(Comes a ns eee ae Sst 55 54 
38, cuell the samerstories .. . 6 2 = = 5 9 11 9 
Boe Speake public 2 5 6 Bin ft ws 17 14 16 
Omori Ne awa Bt! ee 43 51 45 

40 eGSOOCMODSEIVERIN s = Goo. soi se ss 56 56 54 
Nother ee eis Sega) ela 15 Di, 20 

Al. Very good ear for music 29. . ~ - 15 15 17 
(Sool ee) te ee 48 56 49 
POO a Re ES oe ee 26 18 aA 

LURGAS Cirle et Sa A a a By 59 58 
Unhandy “2 2. | Posse eepite ile! ip 17 

43. Exceptionally good memory : .. . 11 9 10 
(Goodhuan Teeme an oh Gules ve 77 76 73 
Beene 24. : 5 2 

44, Fond of good dings to eat and eae : 40 G5} 40 
IN(Gle, “a bie oo elce, pee i ee 35 4] 36 

A5See Drunkard eae eee eee 1 0 0 
Reguiany je fee) wh Bon sw 8 9 8 9 
Now and again . en ar ae Ls au 33 4] 
INeverstakingwalcobolE 9) 2... .. 19 20 19 

46. Dissolute in sexual matters. . . . . 6 10 A 
Continent . . er. 60 60 56 

47. Satisfied with his own Oeerilities ds. 31 40 36 
Not satisfied . 5 ae oa ee 36 oy, 35 
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Children of 


Happy Unhappy | All 
| marriages marriages marriages 


48. Vain and coquettish 28 
Not 40 
49. Ambitious 36 
Indifferent , F 25 
Inclined to keep in the: acksioans : 16 
50. Covetous 21 
Not covetous . 48 
51. Avaricious . 3 
Thrifty a4 
Liberal 39 
Extravagant 12 
In debt . 5 
52. Domineering : 23 
Inclined to give es his eres ‘ 50 
Easily led . 12 
53. Stern towards childvea 5 
Tender and solicitous . 21 
Give them great liberty . 9 
54. Good to his servants . thet oll Ry | TW 
INOty. Goodiah atecw.. «uc. kat be eh ee 5 6 6 
Don (Cemeteries 5 & co 2 6 3.4 69 60 64 
Eigoistic 2). por eee aa 11 27 18 
56. Active and A leageagic oe ieee 21 18 19 
inancialaesup port same snare me one ne 29 26 27 
NOPE Rw ax) ar Iatne Pe ds A ons eee De 10 21 14 
Dae vadicaleinsg pOliticsmsss elsn sn ne 16 16 14 
Modératety. Vis Loy cree hee on 24 24 23 
@onservativels meen = nau aes ne ne ee 8 8 8 
dnditienen tease eelne Ot, pike ae ade Paik 26 25 
58. Active part in politics eer ck 5 7 5 
IN oe a, Nae Ane RR 56 56 58 
Soe) acre Goeienteye Se ete 27 14 19 
INOGAs <2 h.suaeee ty cil) en ee 2 gee 30 41 35 
GOme@uites natural eae) weet emet nn eee oe ee 69 54 60 
Rorced ate thn, eg ey be ee ee 18 31 24 
ATECted Wy pC bor oa a ee se eae op te 7 12 10 
Gas entons trative sini aieesn mr eee 32 40 35 
Glose aimee = cA Cote ee 46 42 a3 
62. Admitting his intentions... .. . 71 68 69 
Diplomaticany “ecm. oy) eet eee 14 if 17 
UImttiquére yc cums oh. MIA. ere ee 2 6 3 
63.) strictlyscredibles aay aa ae nee 64 54 59 
TevaqgGetating ewes sess el oe Be 18 29 22 
Embellishing Sa «st 6) oho ee 11 19 15 
Mendaciouss ars aey afin mrs a me 3 7 5 
64. Absolutely reliable . . . . jue 80 74 75 
Honest within the limits of is. eee “es 6 14 9 


Dishonest! \a0ae)2 <2. ee ee 1 2 2 


771 


a a SR SR SEE AS 


Children of 


Happy Unhappy All 
marriages marriages marriages 

Ore mrdentty. religious. 9. 2 Go. ws. 19 10 14 
Conventional@, - anh. 5 9 we... < 19 19 17 
Ridicating yok. ols. GPS a. 5 14 7 
differ 0A ke 28 53 44 
COmbonud vor childrens ~ fk. 24. | 66 64 64 
Rees er ie tees 10 19 14 
G/eeboudvor animals 0245 . & «6 «9S - 52 53 50 
INGtenmiieen tie ete ee, Are ee 20 24 20 
OSweinclination-tosnigher . 4 295 — = % 19 23 22 
Worlower standing 2. ..k). = f.. 10 16 13 

Ooms Mitterenteim stone” wy. 4 eae so os. 4 8 18 i 
JNA) GUILE Ta a eee eee 77 73 75 

Ome GOUPAGCOUSM ets nae mh. sp pet gees 46 53 47 
Beartuie ae ewes fhe ane By a 215 x 30 34 31 
CRM EITal 7: Ck “eel te OE once er 1 4 3 

(Le HOnGwOl GoOImgeOur 4 4a 9.--ei-s7 = 5. x 26 oe 27 
Momesticated eeeek 4 2 ees 54 56 52 
Solitary by-nature <<. 2 2 ss 4 + 8 14 10 

(2. Latking, of-business 4 2h. (efe—e0 36 29 31 
Orepersous 4 sates ese Se rs 19 25 22 
@pihimsel tees k ee wel oso aes He 19 a3 

jon bend or-sextual jokes) - 7.5.0. = = 14 28 20 
Averse-from them . 2. <-= 7«. = - 46 43 43 

(4, Reading a greatdeal . % 2 2 oe | 50 49 48 
GR ep 2 et a ere 35 SV 36 
PNCCUEATC aoe ate Sukh ea Fest | 45 46 44 
Inaceratelyan ew << oy es 13 05) 18 

75, Abstract meditations . . « . .-- - 16 20 18 
GemZealons COMCCIOn a 4. se es 10 10 11 
(em Neclogismiss it 4 = 4  «)  w 14 11 13 
78 Mover of sport . . . Se ee. 48 51 48 
79. Fond of intellectual games . . .. .. 30 26 26 
SON Of games_of chance7 = . 9... 8 9 10 
For large stakes. . . . ae 2 2 2 

81. Acquainted with family Rlstoes aes 18 23 19 
S2econmplitientaryem ses Gl -Me «at 7) << 7 10 9 
@Ordinauiby polite: ee eee | 83 83 82 
(Giovani) see Sy EY a eae 4 6 4 

Bae Absent-minded Hs 4% 4 5 & =< = + 22 32 27 
Wiways awake! «0 6 2s + = «bs 52 52 50 

84. Neat PE ie Ee: 66 72 68 
(CAG ae oe Se oD Oe re 23 20 21 

G5, deat 2 ag 8 5 a ope ge mn 66 63 62 
ING op Eee a 2 Od cs cy en 19 25 26 

86. In speech important. . . . . . -s | 8 13 10 
Businesslikcum saute «6 ol) 31 29 27 

Bourn entat.. ease 5 ae 36 42 38 
Swaggering and pietiay aa 15 16 14 
Tronicaleeas eee eee a se 9 11 8 


772 


ees 


Children of 

Happy Unhappy All 

marriages marriages marriages 
87. In tone drawling 5 5 5 
Shouting 7 10 8 
Prattling on 52 62 51 
Clipping his words 9 8 10 
88. Laughing a great deal . 4) 40 40 
Little . BW Lar ee 40 39 35 
Never : 1 0 0 
At his own jokes 4 8 6 
89. Courageous when ill 36 35 35 
Afraid 23 33 26 
Patient 36 31 35 
Impatient:s... gael cee Ge~ ta eee: 21 27 22 
Speedily calling in medical assistance 30 33 3) 
ING Hs to ae Ok Se th UE en. 18 20 19 

90. Having suffered from psychical 

aberrations 15 15 Ly, 


II. 


DIFFERENCES IN TEMPERAMENT 


1. Simple temperamental qualities. 


The following table gives a synopsis of the average percentages of 
activity and non-activity, of emotionality and unemotionality, of the 
secondary and primary function of the children of happily, unhappily, and 


all married people. 


Children of 


Happily 
A 67 
nA 26 
5 53 
nE 35 
55 
12 33 


Unhappily 


63 
34 
56 
36 
49 
38 


All married people 


66 
29 
53 
35 
53 
oh 


According to this table the children of the happily married are a little 
more active and less non-active, a little more secondary and less primary 
than the average, whereas the children of the unhappily married are 
somewhat less active and more non-active, somewhat less secondary and 
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more primary than the average. With regard to the emotionality and 
unemotionality the differences are very inconsiderable. The temperamental 
qualities of the children consequently deviate from the average in the same 
direction, though in a minor degree, as those of their parents. 


2. Compound temperamental qualities. 


a, Activity and psychical after-effect. 


Children of 
Happily Unhappily All married people 
AS 38 36 38 
AP ily 19 17 
nAS 9 8 9 
nAP 15 18 16 


The children of the unhappily married are somewhat less active 
secondary and somewhat more non-active primary than the average. 
Consequently they display resemblance to the non-active primaries, in the 
same way as their parents, though less conspicuously. The children of the 
happily married hardly deviate from the average. 


fp. Activity and emotionality. 


Children of 


Happily Unhappily All married people 
AE 36 35 35 
AnE 20 22 21 
nAE 14 19 NS) 
nAnE 9, U3 10 


Most striking is the approach of the children of the unhappily married 
to the non-active emotional and non-active unemotional. In this connection 
they agree with their parents. The children of the happily married differ 
little from the average. 


7/4 


», Emotionality and psychical after-effect. 


Children of 
Happily Unhappily All married people 
ee oe ee a a ee 
ES 26 21 25 
EP 20 24 20 
nES 20 19 : 20 
nEP 10 9 10 


It is evident that the children of the unhappily married are more 
emotional primary and less emotional secondary than the average and 
than the children of the happily married, and that in this respect they 
resemble their parents. 


3. Types of temperament. 


Children of 


Happily Unhappily All married people 
Phlegmatic AnES 17 10 15 
Sanguine -AnEP 4 3 4 
Passionate AES 20 14 20 
Choleric AEP 10 10 10 
Sentimental nAES 4 4 4 
Nervous nAEP 8 13 8 
Apathic nAnES 3 5 3 
Amorphous nAnEP 4 5 5 


The children of the unhappily married are less sanguine and considerably 
less phlegmatic and passionate, more apathic and amorphous and 
considerably more nervous than the average and than the children of the 
happily married. Consequently also with regard to the types of 
temperament there is a great similarity between parents and children. 


III. CONJUGAL HAPPINESS OF THE PARENTS AND THE INTELLECT 
OF THE CHILDREN. 


As we have seen, the intellect of the happily married comes up toa 
higher level, of the unhappily married to a lower one. Are indeed the 
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children of the happily married, in the same way as their parents, 
characterized by greater quickness of mind and level-headedness, the 
children of the unhappily married by a lowered degree of consciousness ? 


1. Intellectual advantage. 


We here distinguish persons who are quick of mind and the level- 
headed. Both forms are-met with in a greater number in children of the 
happily married than in children of the unhappily married. With regard 
to quickness of mind this appears from the wider mental grasp (27) and 
from the greater accessibility to new views (21); with regard to level- 
headedness from the higher degree of intelligence (27), of knowledge of 
human nature (28), of broad-mindedness (30), of independence of 
thought (31), of the development of talents: mathematics, languages, 
literary work (33). On the other hand the children of the happily married 
are surpassed by the children of the unhappily married in some qualities, 
such as practical sense (29), telling of longer and self-made stories (36), 
and conciseness in narration (37). 

The average percentages of the intellectual advantage are for all children 
37.2 %, for children of the unhappily married 36.6 %, for children of the 
happily married 39.1 %. Quickness of mind and level-headedness are, 
therefore, found in children of the happily married more, in children of the 
unhappily married a little less than the average. 


2. Intellectual inferiority. 


The intellectual inferiority, due to a lowered degree of consciousness, 
exhibits the rudimentary phenomena of the various forms of dementia. 
More than the average and more than in the happily married this 
inferiority is found in the unhappily married. How is in this respect the 
state of affairs in the children of the unhappily married? Do they, in the 
same way as their parents, exhibit similarity, though in a very elementary 
form, to the much stronger disturbances in adaptation and mental grasp of 
normal old age and senile dementia, to the association disturbances as they 
are found in pathological form in paralytic dementia, and to the non-active 
absent-mindedness which may be pointed out in a highly increased form 
as primary phenomenon in nearly all epileptic patients? 

With regard to the similarity to the mental decay of old age, the Fa 
grasp (27) appears to be slighter and consequently the exceptionally good 
memory deteriorated and the bad memory (43) worse, the long-windedness 
and prolixity in narration increased (37), repetition of the same stories 
more frequent (38), clinging to established opinions increased (21), 
accessibility to new views diminished (21), annoyance after a fit of anger 
longer (18), the difficulty to be reconciled and to dismiss the thought of 
the affect, which causes a grudge to remain against particular persons 
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(18) greater, while the obstinacy making them less accessible to advice 
from others and inducing them to persist in having their way against their 
better knowledge (6), has increased. 

The average percentages, indicating a decreased adaptability, amount 
for children of the happily married to 15.1 %, for the children of the 
unhappily married to 21.7 %, and on an average to 18.4 %. Consequently 
the phenomena of reduced mental suppleness and of greater rigidity, 
characteristic of normal old age and of senile dementia, are found in the 
children of the unhappily married, as well as in their*parents, to a larger 
extent than the average and than in the children of the happily married. 

Reduced associative activity, the diminished capacity to form associations, 
characterizing paralytic dementia, is met with in the children of the 
unhappily married, it is true in mitigated form, but yet to a larger extent 
than the average and than in the children of the happily married. They 
are more superficial and stupid (27), possess less knowledge of human 
nature (28), are more unpractical and incapable to help themselves (29), 
they overrate their own achievements (47), are inclined to put themselves 
in the foreground by monopolizing the conversation in company (35), they 
are prolix and long-winded in their stories (37), unhandy (42), less 
independent and inclined to repeat what others say (31), they are easy 
to talk round (21), their actions are usually aimed at obvious results (25) 
and frequently contrary to previously expressed principles (26). On at 
average the percentages of the qualities indicating a weaker associative 
activity and judgment amount in children of the happily married to 16.8 %, 
in children of the unhappily married to 23.3 %, and averagely 19.9 %, so 
that the intellectual inferiority in this form in the children of the unhappily 
married is greater, in children of the happily married less than the average. 

The increased lability of attention, characteristic of the epileptics and 
expressed most strongly in these patients in the so-called epileptic 
character, becomes manifest by a greater degree of absent-mindedness and 
a smaller activity. With regard to these primary symptoms there exists 
an approach to this form of mental sinking-in in the children of the 
unhappily married, as well as in their parents. They are more absent- 
minded (83) and less active (2, 3 and 5) than the average and than the 
children of the happily married. The intellectual qualities also display this 
similarity. The retarded process and the lowered degree of the psychical 
functions are apparent from the slow mental grasp (27), the great narrow- 
mindedness (30), the low degree of independence (31), the forced and 
affected manner (60), the tendency to exaggerate and to embellish stories 
(63), the habit of speaking by preference of themselves (72), excessive 
politeness and abundant compliments (82), the high degree of obstinacy 
(6), the increased irritability (11), and from the great fluctuations in 
mood (15). The average percentages of the psychical qualities of labile 
attention or non-active absent-mindedness amount averagely to 22.7 %, 
for children of the happily married to 18.5%, and for children of the 
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unhappily married to 25.7%. In this respect also the children of the 
happily and of the unhappily married deviate from the average in the same 
direction as their parents. 


[We CONJUGAL HAPPINESS OF THE PARENTS AND THE TENDENCIES 
OF THE CHILDREN. 


1. Vital tendencies. 


a. Physical needs. 


The tendency of children of the unhappily married to satisfy their 
physical needs more eagerly, which would show their greater weakness 
of will, is no rule. In some qualities they appear to be more moderate. 
This holds good for fondness of good food and drink (44), the desire for 
alcohol (45). In sexual matters, however, they are more dissolute (46) 
and fond of sexual jokes (73). The children of the happily married are 
less averse to the pleasures of the table (44) and alcohol (45). Sexually 
they are less dissolute (46) and more averse to sexual jokes (73). In the 
eagerness and moderation to fulfil physical needs, therefore, there is no 
perfect agreement between parents and children. 


fb. Mental needs. 


We have made a distinction between passive and active observers. With 
respect to these tendencies also there is a difference between the children 
and their parents. In fondness of going out or retirement (71), in the habit 
of reading much or little (74), the differences between the two groups of 
children and the deviations from the average are very slight. Surrendering 
to abstract meditations (75), indulgence in games of hazard (80), for 
which little or no exertion is wanted, is found more than the average in 
children of the unhappily married. On the other hand accurate reading 
and the exact rendering of what has been read (74), the practice of 
intellectual games (79), the ability to keep others pleasantly occupied (35), 
yield satisfaction to the mental needs by the continual intellectual exertion. 
These qualities are found more than the average in children of the happily 
married. This is not the case with the collection of objects (76), practice 
of sports (78), the tracing of family relationships (81), for which evidently 
not sufficient intellectual exertion is demanded to satisfy the children of 
the happily married. The children of the happily married, therefore, are 
more than the average satisfied, though not so regularly as their parents, 
by the active exertion of the attention, whereas the children of the 
unhappily married are satisfied more than the average by the passive 
indulgence in distractions which chance to offer. 
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2. Egophils. 


In haughtiness the children of the unhappily married exceed the average. 
They are satisfied with their own achievements (47), vain and coguettish 
(48), they try to associate with persons of higher or of lower standing 
(68), prefer to talk about themselves (72), laugh mainly at their own 
jokes (88). The children of the happily married are in all these qualities 
and also in ambition (49) below the average. They show greater modesty, 
rising in this respect above the average. They possess.a higher degree of 
selfcriticism (47) than the average, they are less vain and coquettish (48), 
less ambitious and more inclined to keep in the background (49), they talk 
more about things and less about.persons and themselves (72), they laugh 
less at their own witticisms (88). 

Covetousness is found to a greater extent than the average in children 
of the unhappily married, to a less extent in children of the happily 
married. The former are more covetous (50), avaricious (51), extravagant 
and consequently more frequently in debt (51). Non-covetousness on the 
other hand is greater than the average in children of the happily married. 
They are more non-covetous (50), more thrifty, but under circumstances, 
also more liberal (51). 

Arrogant presumption is found more than the average in children of the 
unhappily married, less than the average in children of the happily married. 
the former are more domineering (52), have a louder tone of voice (87), 
are different towards their superiors and those below them (69), have 
more definite opinions (32), and are more demonstrative (61). The 
children of the happily married are less pretentious. They leave each his 
freedom and are easily led (52). They behave less differently towards 
superiors and subordinates (69), are less decided in their expressions (32) 
and less demonstrative! (61) than the children of the unhappily married. 

In the same way as the unhappily married parents their children are 
haughtier, more covetous, more arrogant, and similarly to the happily 
married parents their children are more modest, less covetous, less 
pretentious than the average. 


3. Altriists. 


Family feeling in the form of tenderness and care for their children (53), 
a friendly disposition towards servants and subordinates (54), compassion 
and helpfulness (55), philanthropic activity (56), patriotism (59) are in 
children of the happily married above the average, in children of the 
unhappily married below it. Consequently in this respect also there is a 
similarity between parents and children. 


4. Abstract tendencies. 


The children of the happily married are above the average in sense of 
duty: they are accurate and conscientious in their work (85), in the habit 
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of tackling and finishing everything energetically (5); in truthfulness ; 
they honestly admit their intentions (62), tell their stories without 
embellishments (63); in honesty and reliability: they keep their 
engagements and act in accordance with the principles they express (26), 
they are absolutely reliable in money affairs (64); in tolerance: they 
idealize their fellow-men (12), are credulous (13) and tolerant (14 \ cin 
self-importance: they resolutely persist in their opinions with a sense of 
their own worth (6); in courage in danger (70) and illness (89) the 
deviation from the average is only slight and this also applies to 
determination (8); in steadfastness: they are always ready with an 
independent opinion and do not let themselves be talked round by others 
(31); in unaffectedness: they are natural in manner (60), polite, without 
exaggeration (82), they speak in a matter-of-fact or in a good-natured 
manner (86). The children of the unhappily married on the other hand 
are below the average in sense of duty: they do not keep their engagements 
(85), neglect compulsory work (4); in truthfulness: they conceal their 
intentions diplomatically (62), they dissemble and intrigue, sometimes by 
making use of unfair means (62), they are inclined to embellish their 
stories and to tell lies (63); in honesty and reliability: they often act 
contrary to promises and agreements (26) and are frequently only honest 
within the limits of the law or even dishonest (64); they are above the 
average in intolerance: they are suspicious (13), intolerant (14); in 
fearfulness: they are afraid and cowardly in danger (70), fearful and 
impatient in sickness, soon call in medical assistance (89); in less self- 
importance: they are quickly discouraged (6), act impulsively or according 
to previously fixed principles (7) or sometimes they are hesitating and 
irresolute (8); in pessimism: they are gloomy (16); in suggestibility : they 
are inclined to repeat the opinions of others (31), are easy to talk round 
(21), cling obstinately to previously conceived opinions (6); in affectation : 
they are more or less forced or affected (60), complimentary or grumbling, 
irritable and peevish (82), and have a swaggering and ironical (86) 
manner of speaking. 

In the children of the unhappily married as well as in their parents the 
higher tendencies are on a lower level, the lower tendencies on a higher 
level, whereas in the children of the happily married the higher tendencies 
are found to a greater extent, the lower tendencies to a less extent than 
the average. 

Recapitulating we find that there is a similarity between the children of 
the unhappily married and their parents and between the children of the 
happily married and their parents as far as temperament, intellect, and 
most tendencies are concerned. This similarity is not so complete with 
regard to the satisfaction of physical and mental needs. 


Physics. — Continued investigations on the luminescence and crystal 
structure of solidified gases. By L. VEGARD. (Communicated by 
Prof. W. H. KEEsoM). 


(Communicated at the meeting of November 24, 1934). 


§ 1. The luminescence from solid krypton containing traces of nitrogen. 


When highly purified solid argon is bombarded with electric rays, the 
very bright luminescence is dominated by the vibrational series which we 
call @ and 6; and in certain cases also the series a, y, y, and « were 
observed. These series are no doubt due to the small quantities of 
impurities contained in the argon, and not to argon itself. This view 
was supported by the fact that certain lines emitted from solid neon nearly 
coincided with lines of the 6-series, and that the N,; and No» bands, which 
are shown to originate from nitrogen, also appeared in the argon lumines- 
cence. In order to settle the question it would be of interest to study 
the luminescence of other solidified inert gases, and during the last year 
we have made experiments with solidified krypton. 

The luminescence produced when solid krypton is bombarded with 
cathode rays was examined in two series of experiments undertaken in 
Febr. 1932 and March 1933. By the first experiment we obtained with 
our quartz spectrograph a spectrogram shown on plate No. 1. The bands 
thus obtained are given in Table I, and most of them belong to the 
e-~system. The estimated relative intensity is indicated to the left of the 
wave-length number in an arbitrary scale 1—5. 

We have previously seen that the e-system appearing in the neon- 
nitrogen mixtures was not quite identical with that of argon-nitrogen. In 

neon-nitrogen each band was split up in a larger number of components, 
and none of these were perfectly coinciding with either of the two com- 
ponents observed from argon-nitrogen mixtures. In the case of krypton 
the bands show no multiple structure at all. In the second column of 
Table I we have given the corresponding “‘s-doublets” observed from 
argon-nitrogen mixtures, and we notice that the single ‘‘krypton” band 
nearly corresponds to the weaker component of the ‘“‘argon” doublets. This 
may also mean that the e-bands in krypton are displaced towards longer 
waves with respect to the e-bands of argon. The displacement amounts 
to about 40 cm—}, 

By an experiment carried out in March 1933 spectrograms were taken 
with a large glass spectrograph on pancromatic plates, one of which is 
reproduced on plate No. 2. These spectrograms show a number of quite 
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TABLE I, 


Pure” Krypton. 


Proceedings Royal Acad. Amsterdam, Vol. XXXVII, 1934. 
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sharp lines, the wave-lengths of which are given in the first column of 


Table II. 


TABLE II. 
Pure” Krypton, 
Ei ee 
1 d. 6711.1 | 6710.5 40 1 d?5388.0 
2 6656.5 | 6653.5 O52 1 d. 5362.9 
1 6595.7 1 5334.9 
1 d. 6497.6 2 5252.9 « (5—18) ? 
1 d. 6409.5 4, 584159") 5930-5a ae 
2 6316.7 wy! 3 5225.2 | 5224.6 N2 
5 6046.4] 6043.5 992 1 = 5207.51 5209.9 
1 6016.2 | 6014.3 940 1 5194.1 
2 5990.5 3...5179.2>)) {517827 ws! 
3 d. 5939.2 2 d. 5114.2 | 5109.3 | g)1—« (4.17) 
1? 5818.3 5 5086.0 | 5080.9 92 
1? 5777.1 | 5776.4 1 4756.9) 4754.4 | ) ; 
3 5756.5 1 4750.4 ed, 
1? 5714.0| 5714.8 we 3 4743.2 | 4743.5 wa 
4 d, 5694.3 | 5695.8 we! 2 d. 4723.9 | 4718.8 do! 
5 d. 5627.3 | 5622.3 Nj (b) 2 4709.5 | 4706.5 oo? 
1 5568.7 | 5563.7 J} 5 4704.1 a2 
5 5528.8 | 5525.3 932 1 d. 4681.5 | 4681.6 90 
1 5455.0 4671.7 
1 d. 5418.5 ae yg ee Io? 


The second column contains corresponding bands observed from argon. 
We notice that the most conspicuous lines of the krypton spectrum are 
identical with lines of the , 6 and yw series and with the N, and Nz bands. 
This result shows that the series 3, 6 and yw do not originate from the 
inert gas, but from a common impurity which is difficult to remove from 
the inert gas. 

The large vibrational frequency of these bands shows that they originate 
from a substance, which in the solid state has a molecular structure. Among 
the elementary gases only oxygen, hydrogen and nitrogen deserve consi- 
deration. Now the first two elements are easily removed and hydrogen is 
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not solidified at the temperature used. The presence of the N,, No bands 
shows that the krypton and argon contain nitrogen and the 6, # series 
are no doubt to be referred to nitrogen. 


§ 2. The infra red luminescence from solid nitrogen and its mixtures 
with argon. - 


For the investigations of the infra red luminescence we at first used a 
plate Agfa infra red (810 ww) and later on we used Agfa infra red (700— 
900 uu). The plates were hypersensitized with a solution of ammonia. 
Spectra on infra red plates were obtained for the following systems: 
“Pure” argon, argon + 3.5% nitrogen, and pure nitrogen. For each 
system spectrograms were taken from the direct luminescence, during ray 
bombardment, and also from the afterglow. Some typical spectra are given 
on the plate Nos. 3—9. The experimental conditions corresponding to 
each spectrogram are given in the explanation to the plates at the end 
of the paper. 

The observed infra red lines and bands for the three systems mentioned 
are given in Table III. Those appearing in the afterglow are denoted by 


TABLE III. 
Bands and lines in infra red. 
ee eS iit Se hee ae Ny dee 
1 9086 | 1 d?(7775) 
2 8972 4 br.7750 | 3 d. 7750 
1 d. 8687 1 7629 
1 8648 1 d. 7530 
2. .8562 | 5, 8562 1 7440 
3 8469 13 8464 | 2 d. 8475 || 2 d. 7370 | 1 d. 7368 
1? (8427) 4 7241 | 4 7243 
1 8370 2 d. 7188 
1 8292 bed. 7123-4 1-.d. 7126 
4 8273 2 d. 6899 
2 d. 6869 
4 8201 2 d. 6824 
2 d. 8176 2 d. 6679 | 2 d. 6673 
5 8056 |5 8069 1 d. 6442 
2 8000 | 2 d. 8004 1? (6357) 
3 7937 | 5 7925 
3 7857 
| S| 


oyse 
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heavy types. The relative intensity is indicated by numbers (1—5) to 
the left of the wave-length value. We notice that only two bands 4 == 8002 
and \—7930 appear in the afterglow, but these bands do not at all 
appear on the spectrograms from “pure” argon. The infra red bands 
appearing in het afterglow originate from solid nitrogen. The quantities 
of nitrogen present in the purified argon are too small for these bands to 
appear with any noticeable intensity. 

We have not been able to classify any of the infra red bands into new 
vibrational series or to refer them to series known from-previous investi- 


gations. 


§ 3. The structure of f-nitrogen and the different phosphorescent 
power of the a- and f-form. 


The results of our determination of the crystal structure of f-nitrogen 
and their relation to the explanation of the phosphorescence properties of 
solid nitrogen have been described in a paper recently published. !) 

In this paper we gave an account of thé experimental procedure and the 
considerable difficulties which had to be overcome. After having tried 
various experimental arrangements we finally constructed a cryostat with 
X-ray camera which made it possible for us to obtain powder diagrams 
of solid B-nitrogen. This diagram was interpreted by means of a hexagonal 
elementary cell, with an axis proportion c/a= 1.651 and a= 4.039 A. The 
cell contained two molecules, and from the dimensions of the cell we found 
for B-nitrogen the density 0.982. This result is in good agreement with 
a result obtained independently by M. RUHEMANN 2), who found c/a—= 
1.633 and a=4,034 A. This agreement is the more remarkable as our 
experimental arrangements differed very essentially. 

For the question as to the possible relation between the crystal structure 
and the phosphorescence of solid nitrogen, it was essential not only to 
determine the unit cell, but to find the position of the atoms. A discussion 
of the possible space groups on the basis of the intensity distribution of 
our powder diagram led to the somewhat startling result, that the individual 
atoms do not occupy definite positions in accordance with the point arran- 
gement of a certain space group. The molecular elements were found to 
diffract the X-rays as if both atoms were situated at the centre of the 
molecule. That means that the directions of the molecular axes are irregu- 
larly distributed. Such an irregular distribution of the molecular axes is 
most simply explained if we assume that the molecules rotate in the lattice. 
Thus we can describe the structure of B-nitrogen as a hexagonal close 
packing of rotating molecules. 

In the a-form of nitrogen the atoms are fixed on trigonal axes according 
to the space groups T4.3) The molecular axes here have fixed positions 
1) L. VEGARD. Z. S. £. Phys. 79, 471, 1932, 


2) MARTIN RUHEMANN. Z. S. f. Phys. 76, 368, 1932. 
®) L. VEGARD, Z. S. f. Phys. 58, 497, 1929. 


785 


in the crystal lattice. Regarding the arrangement of the molecular centres 
in a-nitrogen, we find that they are approximately arranged in a face- 
centred lattice, which would mean an arrangement of the closest cubical 
packing. 

If in both modifications the molecules were to be regarded as spheres 
with the same radius, we should expect both forms to have the same 
molecular volume. We find, however, that the f-form has a molecular 
volume of 47.12 10—74 cm3, which is considerably larger than that of 
a-nitrogen (45.33 10—*4 cm3). We see that the rotating molecules of the 
f-form require more room than the non-rotating molecules in the a-form. 
The rotation of the molecular elements of f-nitrogen also explains the 
fact that the intensity of the X-ray reflections diminishes so rapidly with 
increasing angle of deviation. 


§ 4. Phosphorescence and crystal structure. 


In previous papers accounts were given!) of a large number of 
vibrational series and systems appearing in the luminescence from solid 
nitrogen and its mixtures with inert gases, and at the same time we tried 
to group the series into families and to find the electronic transitions 
engaged in the formation of each family. In the case of the «-system to 
which may also be referred the B, b, D, d, F, f, and probably the x-series, 
we were able to determine the vibrational terms with great accuracy. The 
e-system as it appears in argon-nitrogen mixtures is given by the following 
formula: 


y=a+T’ (n,)—T" (n2) 
where: 
T3123 931g 149 2 
T (nj) = 1453.1 1; — 14,9 n? 
a, = 49670 cm 
a a IOC. 
The vibrational term of the lower «-state is identical with that of the 


normal nitrogen molecule as derived from the ultra violet N-bands, for 
which the following vibrational term is found: 


2345,1 ny — 14,4 ni. 


The vibrational term of the upper e-state is identical with the A-state 
forming the lower state of the Ist. positive group of nitrogen. The vibra- 
tional term of the A-state is found to be: 


1446,5 n.— 13,93 n?. 


1) See e.g. L. WEGARD. Ann. d. Phys. 6, 487, 1930 and Zoisi te Physs 75,30, 1932; 
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Now the state A is a metastable state, and in gaseous nitrogen we do 
not observe the «e-series corresponding to the transition from A to the 
normal molecular state because the metastable state is disturbed by colli- 


sions before emission occurs. 
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In a-nitrogen, however, the molecular elements are fixed in the space 
lattice, the metastable state is kept undisturbed for a sufficiently long time 
for the transition from A towards the normal state to take place, and the 
é-system is emitted. In this way we explain the phosphorescence of the 
a-nitrogen as essentially depending on the existence of metastable states, 
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from which emission occurs, because in the a-form these states are not so 
easily disturbed. 

In the 6-form, however, the molecular elements rotate, and through this 
rotation the metastable states will be disturbed before the forbidden transi- 
tion and the corresponding light emission can take place. 

Explanations to the plate. 


No. 1: Quartz spectrograph, Nos. 2—9: Large glass spectrograph. 


Solid 
Z system 


Tension of | Time of | Photographic 
the tube | exposure plate 


Date 


Volts Hours 


Da eures Kera1272 7 <3210 3500 1!/, Barnet super | Direct luminescence 
speed ortho 


2 » » | 3/3 —33} 5000 4 Barnet pan Direct luminescence 
plates 
3 | Pure Nz |22/4 —32! 4000 51/2 Agfa Infra Direct luminescence 
rot 810 nn 
4 ee a 2o 0 321) —4500 7 Agfa Infra rot | Afterglow 
700-900 see 
5) A+ |10/2 —33} 4000 2 Ilford Infra Direct luminescence 
3.50/y No red pl. ’ 
6 A-+ {10/2 —33) 4000 10 Ilford Infra Afterglow 
3.59/9) No red pl. 
7 | "Pure" A} 26/2 —32| 2700 3 Agfa Infra Direct luminescence 
rot 810 
8 Ten e572 4000 11/, Agfa Infra Direct luminescence 
rot 700-900 
9 a «4 9/1232) 4000 31/4 Agfa Infra Afterglow 
rot 700-900 


The store of phosphorescence energy probably consists in a kind of 
molecular dissociation produced by the action of the electric rays, and 
through the recombination process the metastable states are excited. In the 
a-form this recombination process is very slow, in the f-form where the 
rays may also produce a dissociation the recombination process, owing to 
the molecular rotation, will occur almost instantaneously, and we get no 
store of phosphorescent energy and no phosphorescence. In this way 
structure analysis led to a simple explanation of the fact that solid nitrogen 
loses its phosphorescent power when it is transferred from the a- into the 
f-modification. 

In connection with the structure analysis of a- and f-nitrogen, we have 
also taken up investigations on the structure of the various modifications 
of solid oxygen. We obtained powder diagrams of form I, which is stable 
between —229° C and the melting point, and form II, stable between —249 
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and —229° C. We have not yet been able to complete the structure analysis 
of these modifications, but there are certain facts which indicate that the 
molecular elements rotate in form I. 

In conclusion I wish to express my sincere thanks to Mr. S. STENSHOLT 
and Mr. Tu. RINGDAL for their most valuable assistance in connection with 
the investigations described in this paper. 


Physical Institute, Oslo. March 1933. 


Physics. — The influence of time on the spreading of proteins. By 
EverT GoRTER and G. TH. PHILIPPI. (Physical laboratory of the 
pediatric clinic of the University of Leiden). (Communicated by 
Prof. J. v. D. HOEVE). 


(Communicated at the meeting of November 24, 1934). 


The method for forming protein films on the surface of a Langmuir 
tray, used by us, consists in blowing out over the water surface a 0.5 % 
solution from a calibrated pipette containing 0.005 cc. The pipette is held 
in a horizontal position, so that the sharp point is above the water surface. 

If the spreading of proteins is studied, results differ according to the 
time elapsing between the moment the micropipette, containing the protein 
solution is blown out at the surface and the beginning of the reading of 
the surface-area at different pressures. 

Consistent results are easily obtained, if all measurements are made 
after a constant time, usually one or two minutes, calculated from the 
moment the pipette has been blown out until the beginning of the com- 
pression of the film. 

When applying this technique (fig. 1) curves as have been published 
by us (1) are obtained. 

Now it can be shown, that time has a very distinct influence on the 
results. Maximal spreading (the spreading number or spreading value is 
found by extrapolating the surface-pressure curve to zero pressure) is 
obtained within one or two minutes, if the conditions, which produce 
spreading, are optimal. On the other hand spreading over a smaller surface 
than the maximal one can often be shown to become maximal, if sufficient 
time is allowed. On the minima of the curve of ovalbumin (at pH=2.5 
and 6.5 in fig. 1) time again has a very slight influence. 

The influence of time was studied separately by measuring surface 
potentials. 


By this method the spreading process can be studied directly (2), the 
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presence of the protein on the surface giving rise to a very distinct change 
of the surface potential, 


Fig. L 


On the abscissa are plotted the pH values of the solutions on which the 
protein was spread, below pH 3.6 HCl-solutions, above pH 3.6 buffers 1/300 N 
were used. The dotted part of the curve has not yet been measured in 
detail. On the ordinates are plotted the area of the protein films, found by 
extrapolation surface-pressure curves to zero-pressure. 


It was found that, just after the pipette has been blown out, the protein 
film is limited to a small circle around the pipette, the boundary B of 
which is wandering over the surface with a certain velocity (fig. 2), which 


Fig. 2. 


could be measured by following this boundary with the air-electrode Po 
(Sige): 

It turned out that this time is a minimum at pH 1.0, at pH 13.0 and 
at the iso-electric point of the protein and is raised to high values on 
both sides of this point. 

It will be clear at once, that when compression of the protein film is 
started before spreading is complete, the spreading number is smaller. 

This is the explanation of the typical W curve, indicating the dependance 
of protein spreading on pH. In all the earlier experiments, when a longer 
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time was not specially indicated, compression was started one or two 
minutes after spreading. Therefore not in all cases the spreading process 


OVALBUMIN 
FILM —SURFACE 
AFTER SPREADING 


Here the protein was spread on acetate buffer 1/300 N. On the ordinates 
are plotted the areas of that part of the surface, as indicated in figure 2, 
that is covered by the protein film. These areas are measured with the 
movable Polonium electrode Po. The boundary B of the film is easily 
found, because there is a sharp difference in surface potential between the 
part of the surface which is covered by the film and that part which is 
not covered. On the abscissa are indicated the time values calculated from 
the moment the pipette has been blown out. The film at pH 4.90 is homo- 
geneous as the variations of the surface-potentials are only 2—3 millivolt. 
The film at pH 3.94 is not homogeneous: here the variations amount to 
20 millivolt. 


came to an end. When one waits longer the tops of the W curve become 
more flat as can be seen from figure 4. 

The time factor, the time in which equilibrium is reached, indicates a 
more or less stronger tendency to spread. 1) 

Near the minima very long exposures aré necessary to reach equilibrium 
in the case of ovalbumin. They are outside the experimental possibilities, 
because of the danger of the contamination of the surface. It is hardly 
possible to believe that in these cases even when measuring some hours 
after having brought the protein on the surface, true equilibria are formed. 


1) Compare E. GORTER en F. GRENDEL: De spreiding van oxy-haemoglobine. 
These Proceedings, 34, 1925, 1257. 
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TABLE I. 

PH of acetate buffer 1/300 N Sine cat eae ee Z 
3.80 << 2, hours 
$040” ay: < 1 hour 
4.35 < 5 
4.61 ebay 
4.90 = 3 
5.05 ; Se1O: 

5.30 eas" 
5.72 < 9 hours 
6.00 < 12 hours 
PH of HCI solution 
1.07 410 
1.33 < 20’ 
1.62 <0" 
1.92 180" 


Films compressed : igut 


‘ 1 minute ++-+-++ 8 minutes 
xXxXX 4 minutes (© @e) Mery 


after the pipette containing the protein solution was blown out. Ordinates 
and abscissa as in figure 1; the same solutions were used. 
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If maxima are obtained by the addition of positive or negative ions at 
a pH, at which a maximal spreading in 1 or 2 minutes cannot be produced, 
the result is as rapidly obtained as in the case mentioned above, in which 
pH is the factor, that favours spreading. 

Adding less of these ions gives intermediate values for the spreading 
area, which also tend to increase if time is allowed after the protein has 
been brought on the surface. 


If one measures the potential differences over compressed proteinfilms 
at the point at which maximal spreading is seen on account of a suitable 
pH or ionic concentration, there are no larger variations observed between 
different spots of the surface than of 2—3 millivolt. 

If, however, smaller areas than the maximal are studied by this method, 
inhomogenities are often found (2). This is in agreement with the results 
obtained by ZOCHER and STIEBEL (3), who have shown by ultramicros- 
copical investigation, that sometimes the films of proteins are not homo- 
geneous. 

It is therefore not permissible to calculate a thickness of the films near 
or at the minima of the curves. From the maximal spreading a thickness 
of 6—7.5 A can be derived. 

These minima occur when the protein has little spreading tendency and 
this can be due to either a too great solubility or to the reverse, a too 
small solubility. This is what occurs in the series of fatty acids, where 
the lower members are too soluble (up to Cy.) for showing any spreading 
and the highest members (C¢,) have too little spreading tendency owing 
to the fact, that they resemble too much a paraffin. 

An example of a minimum due to small solubility is myosin (4); whereas 
gelatin exemplifies the minima due to a great solubility. 


It is now easy to understand why the method used by LECOMTE DU 
Nouy (5) gives results which are comparable to ours if time is allowed 
in order to obtain equilibrium. From a solution the protein must move to 
the surface and it depends from the thickness of the waterlayer, the 
spreading tendency of the protein, and its diffusion coefficient how long 
this will take. The results obtained by Wu (6) which differ from ours 
with regard to the time-factor only, are easily explained by a difference 
in technique. He makes use of dilute solutions of protein and of larger 
pipettes, so that a great part of the solution is blown under the surface 
and has to come out of it, which takes more time. 

The method used by RIDEAL and HuGHES (7) who study protein 
crystals, which fall on the surface of the tray from a modified NERNST- 
balance gives results which are similar to ours. 

Their numbers for gliadin at different pressure give a spreading of 
about one square meter per milligram, if the results are extrapolated to 
zero-pressure. ‘T’his is the number we found for most proteins (8). 
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We are indebted to the ROCKEFELLER foundation for a grant by means 
of which these investigations have been made possible. 
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Physics. — On the electronic states of the N 4-molecule and their energies 
of dissociation. By H. H. Brons. (Communicated by Prof. D. 
COSTER. ) 


(Communicated at the meeting of November 24, 1934). 


Introduction. Of the N;-molecule four electronic states have been 
found. These are three 2'-states and one 2J//-state. The three 22-states 
(see fig. 4) are known from transitions b2X > a2X and c2X —> a2, the 
last transition recently having been found by WATSON and KoontTz?). 

The fourth electronic state 2/I is only known from the perturbations it 
causes in the b2-state. Selection rules forbid transitions c2X — 2JI and 
also b2 — 2J]. Transitions between the 2//-state and the a?-state have 
not been found in the region of 2000 A— 10000 A, which might be 
understood if we assume these molecular states to lie at a very small 
distance from each other. Therefore all the knowledge about the 2//-state 
has to be obtained from the perturbations it causes in the b?+-state. 
Several of these perturbations have already been studied2), From these 
perturbations the values By of the vibrational levels v=X, v= X+4 
and v=X +7 (see fig. 2) are calculated in the following way 3): The 


1) W. W. WATSON and P. G. KOONTZ, Phys. Rev. 46, 32, 1934. 
2) D. COSTER and H. H. BRONS, ZS. f. Phys. 73, 747, 1932. 
W. H. J. CHILDS, Proc. Roy. Soc. A 137, 641, 1932. 
ALLAN E. PARKER, Phys. Rev. 44, 90, 1933 and 44, 914, 1933. 
H. H. Brons, Physica 1, 739, 1934. 
H. H. BRONS, Dissertation Groningen 1934. 
3) Compare: G. ITTMANN, ZS. f. Physik 77, 616, 1931. D. COSTER and H. H. BRONS, 
ZS. £. Phys. 73, 747, 1931. D. CosTER, H. H. BRONS and H. BULTHUIS, ZS. f. Phys. 


79, 787, 1932. 
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rotational-energy curves of the b2¥-state cross the rotational-energy curves 
of the perturbing 2JJ-state. From the course of the perturbations one can 
determine at which value of J and hence at which value of the energy the 
crossing takes place. In calculating the B-values it is assumed that Ben, 
and Bey, ave nearly the same; therefore in the following only the symbol 
Byris used. The energy of the rotational levels of both the 2J/-states can be 
represented as function of J by the following expressions : 


27T,-state: W—= E+ hcBn(J+4)....Js3/n7]2 - - + (I) 
27T,,-state: W—=F + hcBn(J + 4)?...-J=ln3/2 . - « (2) 


For a determination of By it is necessary to have at least two crossings 
of a definite 2J/-state with the b2-states. Here it must be remarked that 
the expressions (1) and (2) are only valid for J-values which are not too high. 
For high J-values, however, there must be added a term hcDy (J + 4)4 on 
account of the increase of the moment of inertia with the value of J. 
We have also assumed that for both 2//-states the D-values are the same. 
For the determination of By and Dyit is necessary to know a complete 
crossing of both 2/7 with both b22-states. In this case four unknowns 
(E, F, B, and D,,) have to be determined, therefore we have to know 
four intersections. The By-values found in this way are given in table 1. 


TABLE 1. 
B-values of the perturbing 2m-state. 


v Bx 

Xx 1.78 

| X+4 1.62 
X+7 1.47 


With the help of these B-values an estimate has been made of the position 
of the rotationless vibrational levels X, X +4 and X +7. These values 
are given in table 2. We have assumed as zero-point the rotationless level 
of the state a2’ (v—0.). In fig 1 the relative positions of the perturbing 


TABLE 2. 
Position of the 0-rotationless levels 
of the 27-state. 


Uv 2 
xX 26356 cm! 
x+4 32534 cm! 


A+ 7 36841 cm! 
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*II- and b2S-levels are given as they are estimated from the known 
perturbations. 
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Fig. 1. Relative position of the vibrational b2y-levels and the 
perturbing 27-levels in the N} -molecule. 


Energies of dissociation and potential-curves. The course of the B- 
values of the b2-state shows that this state dissociates at about v’ = 20. 
Substituting this value into the vibration formula+), we get a value of the 
energy of dissociation of 3.12 V. From the vibration formula itself, 
however, according to BIRGE and SPONER5) it follows that dissociation 
takes place at Umax,==17 and this gives as a value for the dissociation 
energy 3.27 V. Therefore it looks quite reasonable to assume for the value 
of the energy of dissociation of the b2X-state 3.2+0.1 V. The distance 
between the two electronic states a2 and b?’ amounts to 3.15 V. If we 
assume that the state b2’ dissociates into the lowest atomic states, we 


find for the energy of dissociation of the N3z-molecule the value 
E—3.15+3.2—6.3 V. From this also the energy of dissociation of the 


4) D. COSTER and H. H. BRONS, l.c. 
5) RR. T. BIRGE and H. SPONER, Phys. Rev. 28, 259, 1926. 
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No-molecule can be calculated. According to HERZBERG 6) we have: 
L.—-L=D—£ > 42 eae 


in which J,, is the ionization potential of the normal nitrogen molecule, 
which is estimated to be 15.65 V. J, is the ionization potential of the 
nitrogen atom, which we know exactly from the spectra of the atom. 


(I, = 14.49 V). We found for the dissociation energy of the Nj -molecule 
E=63 V. From this it follows from (3) that D—7.5 V. Recently 
KAPLAN7) found a new bandsystem of the normal ~Ny-molecule in the 
ultraviolet region. From this the value of D can be estimated with the 
help of the results of CosTER, BRONS and VAN DER ZIEL8) and is found 
to be D=7.33 V®%) with which the value found above is in good 
agreement. The energy of dissociation of the N»o-molecule is on the other 
hand also estimated by LoziER1°). Making use of the result of KAPLAN 
he finds the value D—=7.4 V, also in good agreement with the above value. 

For the a2-state we get according to BIRGE and SPONER for Upax. 
the value 56 and this furnishes for the energy of dissociation of the 
state a2 the value 8.00 V. On account of the very long extrapolation 
we cannot give a high accuracy to this value. Probably it lies lower and 
in this case we have to assume that a? dissociates into the same atomic 
states as the b2-state, which gives for its energy of dissociation 6.3 V. 

Formerly HEITLER and HERZBERG 11), assumed that the ground-state of 


the N3-molecule should dissociate into an excited atom and a normal ion: 
MULLIKEN 12), however, already has assumed that the products of 
dissociation should be a normal atom and a normal ion, which in view 
of the latest value of the energy of dissociation looks most probable. 

Now for the different states we have drawn the potential curves with 
the help of the formula of Morse13). For the derivation of this formula 
Morse supposes that the vibrational energy of a diatomic molecule 
(oscillator) can be represented by a quadratic formula: 


EB (v) hey [(o-+4)— xe +47} 2 > 6 2 
in which wo is the natural frequency for small amplitudes and x is a 
measure for the anharmonicity of the oscillator. 
From the expression (4) Morse has derived on the basis of quantum 
mechanics a formula for the potential energy of the molecule as a function 
of the distance of the nuclei which has the following form: 


E,=De*'-0 —2De“- |... | | | 5) 


) G. HERZBERG, Nature 122, 505, 1928. 

) J. KAPLAN, Phys. Rev. 44, 947, 1933. 

8) D. COSTER, F. BRONS and A. VAN DER ZIEL, ZS. f. Phys. 84, 304, 1933. 
) G. HERZBERG and H. SPONER, ZS. f. phys. Chem. (B) 26, 1, 1934. 

0 


) W. W. Lozier, Phys. Rev. 45, 840, 1934. 
11) W. HEITLER and G. HERZBERG, ZS.. f. Phys. 53, 52, 1929. 
) R.S. MULLIKEN, Rev. of Mod. Phys. 4, 1, 1932. 

) P.M. Morse, Phys. Rev. 34, 57, 1929, 
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D is the energy of dissociation; ro the distance of the nuclei in the position 


2 
of equilibrium. Furthermore a= fo ee in which mw denotes the 


reduced mass. If we know wo, x and besides D, we can get with the help 
of (5) a good representation of the potential curves. For the states 
a2>' and 62 we did not take the energies of dissociation, which should 
follow from a quadratic formula as (4) because for these states very 
accurate dissociation energies are already known. All the other constants 
in the formula of Morse are also calculated from experimental data. For 
a2’ we get: 

De63-V: a= 2.65 and r= 1.12 A, 
for b2y: 

D=32 V; a=3.22 and rp =1.08 A. 


Thus we obtain approximate potential curves for these two states (Fig. 2). 


80000 


60000 


Fig. 2. Potential curves of the a2y- and bz-state and of the 2m-state for 
four different values of X namely X=0, X=7, X= 15 and X = 20. nf 


Proceedings Royal Acad. Amsterdam, Vol. XXXVII, 1934. 
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For the perturbing 2//-state the difficulty arises that we do not know 
the value of X (see fig. 1). Hence we have assumed for X different values 
and we have drawn the potential curves for these different cases. The 
constants which we have to use in the four cases are given in table 3. 
All these constants are derived only from the constants of the three levels 
X, X+4 and X+7 (see fig. 1) and thus it is easily understood that 
the values of table 3 only are rough approximations. For the four cases of 


TABLE 3. 
——— rl 
Bo in r9 HH) D 
ale ~ cm! _ in A in'cm~! ) ist. Vi % 
—_—$—$—$—$—$—$—$— $$$ _$_$$_$_$_$_$_$ EE Kex@w—L 
I 0 1.78 1.16 + 26366 4.6 2.76 
Il 7 2.07 1.07 + 16043 6.1 2.76 
Il 15 2.46 0.99 nner 7.8 2.76 
IV 20 2.68 0.95 | — 11169 9.1 2.76 


*) This column gives the position of the level 2a v=0O with regard to the level 
a’x v=0 which is taken as zero-point. 


table 3 the potential curves are constructed according to Morse. They 
are also given in figure 2. It seems to us most probable that the real 
potential curve for the 2/J-state lies between the cases II and III. From 
the considerations given above about the energy of dissociation in 
connection with the cyclical process of HERZBERG, it follows that the 
O-vibration of the 2J]-state lies above that of the a22-state. This is also 
in agreement with what has been found for the molecules BO, CN and COT 
with equal number of electrons. On the other hand it will be clear that 
the distance between the 0-vibration of 2J7 and a?’ cannot be very large 
either since the transitions 2J7—>a2X have never been found in the 


emissionspectrum 14), From these considerations we may even limit a little 
more narrowly the value of X: 


10SX% S15. 


As regards the energy of dissociation of the 2J]-state for the different 
cases, it must be remarked, that in consequence of the method which has 
been followed, in all probability too high values have been found, From 
fig. 2 we have to conclude, that the products of dissociation of the 
2[I-state should have 1.5 V more energy than those from the a2 and 
b?X-states. The lowest possible excited energy of the products of dis- 
sociation (N in the state 2D, N+ normal), however, lies 2.4 V above the 
ground state. It therefore looks much more reasonable to assume, that also 
the 2/]-state dissociates into the ground states of N+ and N. 


14) I have also looked for this spectrum in vain in the whole region of 2000—10000 A 
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Starting from this assumption we have drawn fig. 3. As regards this 
figure the following remarks may be made: The potential curves for both 
2x-states have simply been taken from fig. 2. The curve for 2/7 is drawn 
as it appeared to be most probable. Here still the following considerations 
have been taken into account: 

In the case of perturbations the rule holds, that they are only of 
noticeable size if in the neighbourhood of the energy value of the perturbing 
levels a point of intersection of the potential curves of the electronic states 
is lying i.e. if the distance of the nuclei in such a case does not differ too 
much for the two electronic states considered. Now it is found that 


OY 
Ny 


40000 


a —— = 


Fig. 3. Potential curves of the electronic states of the Nz -molecule as they 
seem us most probably to be. 


perturbations appear in b2X, v’=0, 1, 2, 3, 5, 9 and 13, where it must be 
remembered that v’ = 13 lies already near the limit of dissociation. Further- 
more we have to remark that the perturbation in the level v’=—=3 is the 
greatest. Towards lower and higher v-values, the size of the perturbations 
decreases. Therefore we may assume that in the neighbourhood of v’=3 
the potential curves of 62 and 2J// have to intersect. From the limits for X 


obtained above, however, it follows that for the 2JJ/-state the distance 
530 
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of the nuclei in the position of equilibrium is much smaller than for the 
b2-state. The most probable value is about 1.02 A, and this excludes the 
possibility of an intersection of the potential curves on the left side of the 
figure. Thus the intersection lies on the right side and from this it follows 
that the right hand sides of the potential curves of b? and 2J// are rather 
close to each other. This affords at the same time another reason for 
assuming the states b? and 2// to dissociate into the same atomic states. 

From the course of the potential curves we even can narrow a little 
more the limits for the value of X, namely: 11<X<13.In this way we 
come to a fairly well established course of the 2//-potential curve. Here 
we must remark once more, that the position of the 2//-state is not estimated 
from transitions with other electronic states, but only by the perturbations 
it causes in the b22-state. 


Products of dissociation. The terms of the normal nitrogen atom as well 
as those of the ionized nitrogen atom are measured and classified 15). For 
the estimation of the possible atomic states into which the ionized nitrogen 
molecule can dissociate only the lowest terms with the electronic configur- 
ations for N, (1s)2 (2s)? (2p)3 and for N+ with (1s)? (2s)? (2p)2 come 


Volt 
10 i re ee 2p45p ----- 
sae== 2 ey eats) 
= "S$ +) ----- 
Ay 


ray) 


0 


Fig. 4. Scheme of the electronic states of the N}-molecule, with the atomic 

states in which they are dissociating. The fully drawn lines are the known energy 

niveaus, the dotted lines the known terms of dissociation. The vertical arrows 

give the observed transitions ; the brackets combine the electronic levels with the 
atomic states into which they dissociate. 

15) K. T. COMPTON and J. C. BOYCE, Phys. Rev. 33, 145, 1929. 
S. B, INGRAM, Phys. Rev. 34, 145, 1929. 
E, EkeEFors, ZS. f. Phys. 63, 437, 1930, 
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into consideration. According to the Pauli-principle these are the terms 
4S, 2D and 2P of the normal atom and the terms 3P, 1D and 18S of the 
ionized atom. This gives the following different terms of dissociation written 
down in the order of increasing energy: (4S + 3P), (45 --1D), (2D + 3P), 
(2P + 8P), (45 +48), (2D + 1D), (2P+ 1D), (2D +18) and (2P +18). 

The three states a2, b2Y and 2/1 all dissociate into the same term 
(4S + 3P); of the other known state c2 we still do not know the terms 
of dissociation. Fig. 4 gives the level scheme of the electronic levels, known 


up to now, of the N+-molecule. Since of the 2/]-state we only know the 
lower and upper limit of this position, we have drawn this state half way 
between these limits, which gives an uncertainty < 0.5 V. 


Symmetry of the electrdnic states. The a2X-, b2- and 2J]-states thus 
dissociate into the atomic terms (4S + 3P). With the help of the rules of 
Hunp 16) and WIGNER and WITMER!7) it follows that from these atomic 


terms for the a?X'- and b?X-state we have the possibilities 25* and 2x/. 
Now the lines of the N}-bands show intensity alternation (2) in consequence 


the presence of a nuclear spin. The nitrogen nucleus follows the statistics 
of BosE-EINSTEIN 18). In this case the factors of weight for symmetrical 


: ; I : 
and antisymmetrical states have the ratio gs _. fms As we know this ratio 
ga 


I 


to be 2 for the Nz band lines, we may conclude the nuclear spin to be 
119). As the lines with even K are the most intense 2°), we may conclude 
that of the state a2 the even levels are symmetrical and this gives for the 


symmetry of a2 only the possibilities 2; and 2. We thus find that the 
state a2 must be a 2) -state. From this we can derive at once the sym- 
metry of the other states on the basis of the existence of transitions and 
perturbations. We then find for the four known electronic states of the 


Nt i : + + + 
+-molecule successively: g25*, 2/7, b?5* and c2E%: 


16) F, HUuND, ZS. f. Phys. 63, 719, 1930. 
17) E, WIGNER and E, E. WITMER, ZS. f. Phys. 51, 859, 1928. 
18) , RASETTI, Proc. Nat. Acad. Amer. 15, 515, 1929, ZS. f. Phys. 61, 598, 1931. 
W. HEITLER and G. HERZBERG, Naturwissenschaften 17, 673, 1929. 
19) LL. S. ORNSTEIN and W. R. VAN WIIJk, ZS. f. Phys. 49, 315, 1928. 
20) This is clearly seen on the photometer curve of the (8.6) band. (See D. COSTER 
and H. H. BrRons, ZS. f. Phys. 73, pag. 765, 1932. 
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Mathematics. — A geometric interpretation of a Theorem on 
skew symmetzic functions. By R. RAMAMURTI. (Communicated by 
Prof. R. WEITZENBOCK). 


(Communicated at the meeting of November 24, 1934). 


In a paper on skew symmetric functions Dr. WEITZENBOCK’') has 
obtained a necessary and sufficient condition that a skew symmetric 
function K (s, t) of two complex variables s and t should be of rank r 
(i.e.) that an identity exists of the form 


K (5. = 2 14 (5) ¥, 0 — 9 (0 M4 (3) 


and r is the smallest number for which such an identity exists. Consider 
the Pfaffian Aggregates 


P, (si, S7) = K (s;, 52) 


P, (51, 52, $3, $4) = K (81, 52) P; (83, 54) —K (sy, 53) P; (S2, $4) + K (51, $4) P; (82, 53) 
Po (s,.S250++» $29) =K (Sy. $2) Pp—1 (S35, S4.~ ++» S2p) — K (Sis. Ss) Pos (S379 as Sag) 
eee +(Ks,, S20) (s> S32 +++ $2 p-1). 


Then Dr. WEITZENBOCK’s theorem says: 


A necessary and sufficient condition that K (s,s) should be of rank 
r is that 


P, +0 and P.4,=0 Sees i Gam! (1) 


The object of this note is to give a geometric interpretation of the 
above investigation, when K (s, t) is askew symmetric algebraic form of 
degree n in s and in fand to supply a geometric proof of the result. 

Let us take a rational norm curve R, in a projective space S, of n 
dimensions, given parametrically by 


Xa Ss (== 0, Lin oviecf?) ee eee 


and a linear line-complex L whose equation in line-coordinates is 


(hie = 
a = Aik Typ =O . . A . * . . (3) 


4 


1) Rendiconti di Palermo, 33 (1912), p. 1—10. 
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The nullsystem N defined by L is given by 


2 ark (iy, — Xe Y,) Saris Sess -t07 (4) 


The points s, and ¢ on R, are conjugate with respect to N (ie. the 
chord joining the two points belongs to the linear complex L) if 


PONS eee aj) (Sh a's" S201. Wan. w (5) 
O,n 


so that K(s, tf) is a skew symmetric algebraic form of degree n in s and 
in t. Conversely given any skew symmetric form K(s, ft), there is a 
unique nullsystem N (and the associated linear complex L) with respect 
to which the points s, and t on R, are conjugate if K (s, t)!)=0. 


Theorem I. The Pfaffian P,(s,, s2,...., 52) of K (s, t), equated to zero, 
gives the condition that the chordal (Sekanten) space S>,-, of R 
determined by the points s,, s2,...., Sr Of R, should cut the linear 


complex L in a nullvariant complex.*) 

Proof. Obviously P;=0 gives the chords of R, which belong to L. 
Let us consider P; —0. The S; determined by the points A,, A>, A3, A, 
on R, with the parameters s;, sz, $3, S4 respectively cuts L in a linear 
complex, whose equation in line coordinates is 


210i; a, a, =0 
1,4 ih SA, OAK 


This is nullvariant +) if 


Ay 


b 


A, 


where a and b are equivalent complex-symbols. 


From (4) 
K (sy, s2)= & ares, 83 — $,5)) = 2g, a, - er eT) 


1) WAELSCH, Uber bintre Formen und die Correlationen mehrdimensionaler Raume. 
Monatshefte fiir Math. und Physik, Bd. 6. 

2) A linear complex a =0 in S,,_, is said to be null-variant by Dr. WEITZENBOCK 
if its invariant J =(a? b? . . |n| . m?)?=0. 

Geometrically it may be characterised as one containing one and hence at least 0! 
singular points. To keep up analogy with the tangential regions of a quadric, they may 
also be called tangential regions of a linear complex, in as much as, they are regions 
self-conjugate with respect to the nullsystem defined by the linear complex. 

3) C.f. WEITZENBOCK, Komplex-Symbolik p. 166. 
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Hence expanding (6) and using (7) we have 


K (51, S2) K (s3, $4) — K (s;, 83) K (sz. $4) + K (s;, 84) K (s2, $3) =0 ( (8) 


(i.e.) P, (s;, S72, $3; S4) saz) \ 
Similarly, the chordal S; joining the points s,, s2,....Ss On R, cuts 
L in a nullvariant complex if the determinant 
(a, a, 5, by Ca, C, == 05 3 oe (9) 


On expanding (9) and using (8), (9) becomes 


K (s;, $2) P2 (33, 54s853685)— K (s;, $3) P2 (So, $4, $5, S6) + -- 
+K (s;, 86) P2 (S2, $3, 54, $5) = 0 


(i.e.) Py (81, Soy $3» 54» S5+ Sg) =O 


Similarly, it can be shown by Induction that the chordal S>,_; 
determined by the points s;, s,....s2, on R, cuts L in a nullvariant 
complex if P, (s;, s),....S2,)=0. Thus Theorem I is proved. 

The linear complex L, determining on R, the correspondence of 
points given by 


7, (s)¥, (0 —y, (Ov, (s) =O. . . - . . (10) 


is a special linear complex consisting of all the lines intersecting the 
S,—2 common to the two S,_1’s cutting out on R, the point-sets given 
parametrically by 9; (s)=0 and ¥%, (s)=0. 

Ty, is of rank 2'). If K(s,t) is of rank r, it can be expressed as the 
sum of at least r forms of the type (10). Henze L can be expressed as 
a sum of at least r special complexes. Then L is of rank 2r. Conversely 
if L is of rank 2r, K(s, t) is of rank r. Hence the geometric interpretation 
of Dr. WEITZENBOCK’s theorem is: 

A necessary and sufficient condition that a linear complex L in 
S, should be of rank 2r is that every chordal (sekanten) S2.+; of the 
rational norm curve R, should cut L in a nullvariant complex, and that 
this property should not be true for every chordal S),_}. 

To prove the theorem geometrically, we require the following Lemmas. 

Lemma 1. There can be no S,_,_; intersecting all the osculating S,s 
of a rational norm curve R,. 

Lemma 2. If every osculating S241 of R, cuts L in a nullvariant 
complex, the linear complex cannot be of rank 2r-+ 2. 

To prove Lemma 1, we take any S,1. The o* primes through it, 
cut out on R, sets of points given parametrically by a linear © system 
of binary n-ics. The Jacobian of the system which is of order (r+ 1) (n —r) 


') The rank of the linear complex © a; 2,4 =0 is the rank of the matrix || a, ||. 
on 
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gives the roots of the above system of n-ics, which are of multi- 
plicity (r + 1). If a is a root of the Jacobian, the osculating S, at the 
point a of R, must meet the S,.1. and conversely. Hence there 
are only (r+ 1) (n —1r) osculating S,s of R, meeting any S,_,-1 unless 
the Jacobian vanishes identically which is impossible, since the n-ics 
form a linear o* system. 

To prove Lemma 2, let us suppose L is of rank 2r-+2. Then the 
singular points of L form a S,-2-2. Then it is known that any S241 
not intersecting the S,-2—2 must cut L in a nonsingular complex. But 
form Lemma 1, we can always find an osculating S2,+; not intersecting 
S,—2,—2, and from the hypothesis of Lemma 2, this cuts L in a null- 
variant complex which is contradictory to the above statement. Hence 
L cannot be of rank (2r + 2). 

Coming now to the theorem proper, suppose every chordal Sy, +1) cuts 
L in a nullvariant complex. Then P, 4; ==0 and hence P4143) =0 (A=0). 
Hence every chordal S2,42)+41 and in particular every osculating Si, +2) +1) 
cuts L in a nullvariant complex. Therefore from Lemma 2, L cannot be 
of rank (2r+2-+ 24). Also it cannot be of rank < 2r, for if it is 
(2r—2A), every Se,—2141) and in particular, every osculating S,—2) + 1) 
must cut L in a nullvariant complex. Then Po.—2)42)==-0 and hence 
P,,=0, which is against hypothesis. Therefore L must be of rank 2r. 
Thus the conditions P,,;;==0 and P, #0 are sufficient. 

To prove that they are necessary, suppose L is of 2r. Then it hasa 
S,—2- of singular points. Hence any chordal S2,4; will cut the singular 
region in a straight line and hence will cut L in a nullvariant complex. 
Therefore P,.,;=0. Also P,0 for if P,=0, from Lemma 2, L cannot 
be of rank 2r. 


Mathematics. — Finige Integraldarstellungen ftir WWHITTAKERsche 
und BESSELsche Funktionen. Von C. S. MEIER. (Communicated 
by Prof. J. G. VAN DER CORPUT). 


(Communicated at the meeting of November 24, 1934). 


§ 1. Integraldarstellungen fiir die WHITTAKERsche Funktion. 


Bekanntlich besitzt die parabolische Zylinderfunktion D, (z), falls 
R (n) <0 ist, die folgende Integraldarstellung ') 


—p2 : 
DiGi tem | at Ope ci, cee) 


0 
1) Man vergl.: E. T. WHITTAKER and G. N. WATSON, Modern Analysis, § 16.6 und 


§ 12.22; C. S. MEIER, Uber die Integraldarstellungen der WHITTAKERschen Funktion 
Wk, m(z) und der HANKELschen und BESSELschen Funktionen, Nieuw Archief voor Wis- 
kunde (2e reeks) 18 (1934), S. 35—57, § 3. Diese beiden Arbeiten werden im folgenden 
immer mit M.A. und I zitiert. 
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Nun hat man?) 
D, (z)== 249 Ft 2-3} Wyo he 


wo W,.m(z) die WHITTAKERsche Funktion bezeichnet. 

Es liegt jetzt nahe zu fragen, ob es eine Integralformel fiir W4,m (z) 
gibt, die Beziehung (1) als Spezialfall enthalt, d. h. ob die Funktion 
2k 2-1! W,. m(4 22) eine Integraldarstellung besitzt, die fiir k—=$n-—+4,m—=— 4 
gleich der rechten Seite von (1) wird. Die Antwort lautet folgendermaszen: 

Ist R(} + m—k)> 0, so gilt fir alle Werte von arg ¢ ’) 


i; e—" Kon (20a) u-** du. (3) 


0 


ie 4fe—3° 
- £+m—k) FT 4—m—h 


Wi. m (2’) 


Hierin ist 
K, (w) = 4 xiel?™ HY (wet) 2. 2 2. . . (A) 
(A) (w) ist die erste HANKELsche Funktion). 


Es ist leicht einzusehen, dasz (1) ein ‘Spezialfall von (3) ist. Denn es 
gilt *) 


Setzt man nun k=in+4, m=—4, u= — und (= —., dann 


geht also (3) mit Hilfe von (2) in (1) iiber’). 

In der vorliegenden Abhandlung werde ich nicht nur (3) beweisen, 
sondern eine viel allgemeinere Integraldarstellung fiir Wz, (7) ableiten, 
die (3) als Spezialfall enthalt. 

Ich setze°) 

d (k>m, a, w) = \ 


ox i oeuuies: 1 : 1 E 
~Ta—m—HGtmta Va tm ki lt amet mt ase) 


(5) 
I'(2m) w—™++ 
++ m—k) I'(G—m-+a) 


+ 


iF, (¢ —m—k; 1—2m,4—m-+a; w) 


2) Siehe M.A, § 16.5 und I, S. 54. Die Funktion Dn (z) wird gewOohnlich durch (2) 
definiert. 


3) Ich nehme an, dasz Cx O ist. 
Die frither fiir Wk,m(z) abgeleiteten Integraldarstellungen gelten nur fir | arg z| <= ; 


siehe M.A., Chapter 16 und I, S. 35—37. 

R (gs tm —k) > 0 bedeutet R (-+ m—k) >0 und R (} —m—k)>0. 

4) Man vergl.: G. N. Watson, A Treatise on the Theory of BESSEL Functions, S. 80, 
Formel (13). Dieses WATSONsche Werk wird in der Folge mit B. F. zitiert. 

Ky (z) ist eine gerade Funktion von »v. 

) re) vee+ dh) = 2-7 Vor (22). 


) ss q (Apress ai by,..., bai w) ist eine verallgemeinerte hypergeometrische Funktion. 
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Hierin wird 2m nicht ganz und 44+m+a +40, —1, —2,.... vor- 
ausgesetzt. 

Mein Ergebnis lautet nun folgendermaszen : 

Ist 2m nicht ganz, so gilt fiir alle Werte von arg¢ 


Win (=e fe BN he NO Toes Oe 
0 
Hierin ist a eine beliebige Zahl mit R(t +m-+a)>0. 


Es ist nicht schwer zu zeigen, dasz (3) ein Spezialfall von (6) ist. Denn 
man hat, falls » nicht ganz ist”), 


2K, (2z)=T (—») 2 oF, (1 + 3 22) + Dr) z7 oF; (1—»: 2). 
Hieraus und aus (5) folgt °) 


Hs 22 Kan (22) 
Se ee Ore) Kim 
Formel (3) ist also der Spezialfall mit a—=—k von (6) °). 


§ 2. Beweis von (6). 


Sind b und c+ 0, —1,—2,..., so gibt es eine von a, b und c ab- 
hangige, positive Zahl 4 mit der Eigenschaft 
(a + n) (1 +n) 
Me 5 ed ieee 258 Bs 
(6+n)(etn) <* © 
Fiir beliebige komplexe Werte von w gilt also 
Mie real Ok 
Vk (a: b,c; w?) | ==1+ (11) of (21) ale ha 
= Hees (4|w |)? : 
=(1 =e aI Pia lies 
somit 
iP BDAes tw?) ba CN au. a tee ge ED 


Die rechte Seite von (6) ist daher wegen (5) fiir alle Werte vonarg ¢ 
eine analytische Funktion von ¢. 


7) Siehe B.F., S. 77, Formel (2) und S, 78, Formel (6). 
8) Man sieht leicht ein, dasz 
1 F, (a; b, a; w) = oF; (b; w) 
ist. 
9) Relation (3) ist noch nicht bewiesen worden, falls 2m ganz ist. Da aber (3) gilt fir 
alle andere Werte von m mit Kt (4 + m—k)>0 so gilt (3), aus Stetigkeitsgriinden, auch 
noch, falls 2m ganz ist. 
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Ich darf also arg £ =O voraussetzen. 
Ferner nehme ich vorlaufig noch an, dasz $+ m—k #0, —1,—2,.... 
ist. Die durch (5) definierte Funktion  (k, m,a,w) besitzt dann die fol- 


gende Integraldarstellung '°) 


egkt °"r(t4+m—s)l'(t—m—s)I'(—k+s) ih 
Pimaw=a5 | Taratdt mre oe 


Hierin wird w 0 und | argw| <2 vorausgesetzt. Der Integrationsweg 
T lauft von — i+ mu nach wi+u (wu ist eine beliebige reelle Zahl), 


und zwar auf derartige Weise, dasz die Punkte k,k—1,k—2,.... zur 
linken, die Punkte 4.4m, 3} +m, $+m,.... aber zur rechten Seite von 
T liegen. 


Ist ¢u 40, dann hat man also 


1 flhttm—s TE =m—s likes) 


dai) Tats TG+m—BTG—m—h) Ce te 


Q (k, m, a, ¢? u?) = 
Ich wahle nun den Integrationsweg T derart, dasz i (a+ s) >0 ist 


fiir alle Punkte s von T 1). Ich erhalte dann !7) 


co 


fies d (k, m, a, 6? u*) u?*— du 


0 


lim Jove Oe oe ee ae u?s ds 
T 


— Qni 50 (a+ s) 0 (§+m—k)I'(k4—m 


o—>0 6 


Jar I'($+m—s) I'(}—m—s) '(—k + s) ae 
Ont eo (ees Is +m— k) a= k) C2 ds [ e u? 420-+2s—1 Ag 


o—>0 T i é 


10) Man vergl.: E. W. BARNES, Proceedings of the London Mathematical Society (2) 
Sa(L907) on Oo—— alu 


») Dies ist méglich, wegen  ( +m+a)>0. 
12) Die Vertauschung der Integrationsfolge ist erlaubt; siehe T. J. A. BROMWICH, An 
Introduction to the Theory of infinite pene, § 177. Man sieht ferner leicht ein, dasz 


lim f- af. . du =A ae food 
350 
o—0 T 


ist. 
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« 


L (LG +m) y—m—3) Pk +8) 92, 4, femur de 
0 


~ 2ai.} Tats l+m—k [G—m—h 
‘i 


— 1 (@b+m—s) I (4—m—s) l(—k 4+ s) £25 ds 
Ani I'($ + m—k) I’ (4—m—k) 


ty 


Die rechte Seite dieser Beziehung ist aber gleich > Wi. m (C?) (siehe 


M. A., § 16.4). Formel (6) ist also bewiesen fiir den Fall, dasz 
4+m—k+0,—1,-2,.... ist. Aus Stetigkeitsgriinden gilt (6) jedoch 
auch noch, falls 4+ m—k=0, —1, —2,.... ist. 

Bemerkung. Formel (3) kann auch folgendermaszen bewiesen worden: 


Man hat (siehe B. F., S. 183) 


Kim tw) =seuy™ | as 7 72m—1 dr. 


0 


Die rechte Seite von (3) ist also gleich (ich integriere erst nach u) 


foo} 


2 f1-2m ei A tot Al. =O)" pamaae 
PE + mH G—m—b,) SY & eae 


0 


ae ¢ —t 72m—1 a ae 
=F mn | € T 1 + : dt 


0 


2 ee ee ie ere. 
Seeds 14 (1 + =) tT, 
0 


Das letzte Integral ist aber gleich Wim (¢?) (siehe M. A., § 16.12). 


§ 3. Integraldarstellungen fiir BESSELsche Funktionen. 


Bekanntlich hat man !%) 


K, (=|) Wer 2) ee te oes 


13) Man hat (siehe I, Formel (17) ) 
Hy" (2) = 2 ethontt) Wo, (—2 iz). 
ITZ 


Hieraus und aus (4) folgt (8). 
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Die Funktion K, (¢?) besitzt daher, wegen (6) und (3), die folgenden 
Integraldarstellungen : 


oo 


—t hoi 
K, (2) = Von if "00,7420 u)wIdu . . . (9) 
0 
und 
K, j= tee eo Ky (2V2tu)da . . . (10) 
4 


0 


In (9) bez. (10) wird 2» nicht ganz und KR ($ + v+ a) > 0, bez. 
| R (v)| <4 vorausgesetzt. 
Ferner gilt '*) 


1 
I, (z) Cos ye ET feat K, (ze-") = ek, Get i . eee 


Ist 2y nicht ganz und R($+v-+a)>0, dann hat man also mit 
Riicksicht auf (9) 


co 


iy. (C2) Cos on = 2 J al morte Bad 
Via oo alias 


je? D (0, », a, 2e-7 £? u?) + ce”! H (0, », a, 2e* CL? u*) } du. 


Aus (5) folgt aber 


1 
Ves Pesce o) (0, y, a, we) am ert fo) (0, v, a, w e™) } 


Ske V2n wit” 
~ LG—7) PE +y+a)P(1+29) 12 ($+; 1+2», $+»+a;—w) 


2?—2” wit” cosyn 


T+) Patrpea 2G +s 142» ¢+7+0;—w), 


Formel (12) geht also iiber in 


Ya evar SD a SO 
v ~ I'(1+y) Teta | e u iF, ($-++»; La-2y, $t+rv+a; —= 217) du; (13) 
0 
14) L (z) ol en2 ti i (z et), 


wo J, (z) die BESSELsche Funktion bedeutet, Fiir (11) vergl. man B. B., S. 80, Formel 
(17) und (18). 
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die rechte Seite dieser Beziehung ist nicht sinnlos fiir 2v—=0,-+1,+2..... 4) 


und konvergiert, falls R($+»-+a)>0 ist *). Aus der Theorie 
der analytischen Fortsetzung ergibt sich daher, dasz (13) gilt, falls 
R(¢+y+a)>0 ist. 


Nimmt man nun a =0 (also ($+ ») > 0), dann erhalt man 


Qi+” [2 @t 


Tereeery 


I, (¢?) [ete oF (1+ 295 — 20 wd ep tn ALA) 


0) 


Man hat aber ") 


so dasz aus (14) folgt 


L, (=e [e“), VOT re eee 
Van 
0 
Die Integraldarstellungen (13) und (15) fiir J, (¢?) entsprechen den Re- 
lationen (9) und (10) fiir K, (C7). 
Man bekommt andere einfache Spezialfalle von (9) und (13), wenn 
man a=+# nimmt. Es gilt namlich '°) 


RO=pypa(Z) BGteity 1+ . 6 


und 


2v 
F@=tatal a) FP, (4 +; Bi ek ae te etl a a) 


Hieraus und aus (5) folgt, falls 2 nicht ganz ist, 


we 
9(0,%.4.2= 5 {17 (2) ()} nme 7] 
15) Denn man hat 
1 sia Peon 1 
ee Sr ear 
1 w at+l w\? 
eee a Tic ial!. 2 agape af 
a+2 w reid (a + 2) (a+ 3) Ge 
z sea ee. Tet lr(c+4).41\ 2 


16) Siehe auch Formel (7). 
17) Siehe B. F., S. 100. 
18) Man vergl. B.F., S. 147. 
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Man hat also wegen (13), (16), (9) und (17) 
I, (p= 2er (ee Cu 2) udu . & ee Salis) 
0 
und 


o 


K, (0) sin va ae fe“ o(CuV2—L CuV 2h da . (19) 


0 


In (18) bez. (19) wird K(v) >—1, bez. | R(»)| <1 vorausgesetzt. 
Die Relationen (15) und (18) waren schon bekannt ’’). 


19) Siehe B. F., S. 394, Formel (5) und S. 395, Formel (1). 


Chemistry. — Neue Methoden fiir die Synthese von Glyceriden. I. 
Von P. E. VERKADE und J. VAN DER LEE. (Communicated by 
Prof. J. BOESEKEN). 


(Communicated at the meeting of November 24, 1934). 


§ 1. Im Laufe der letzten Jahre ausgefiihrte Untersuchungen iiber die 
Zusammensetzung in der Natur vorkommender Fette und Ole — es sei 
hier z.B. an Arbeiten von KLIMONT, BOMERc.s., AMBERGER ¢.S., SUZUKIC.S., 
EIBNER c.s. und vor allem an diejenigen von HILDITCH und seinen Mit- 
arbeitern erinnert — zwingen zu der Schlussfolgerung, dass im pflanzlichen 
und tierischen Organismus eine ausgesprochene Vorliebe fiir die Bildung 
gemischter Triglyceride, d.h. solcher, die zwei oder drei verschiedene 
Fettsauren als Sdurekomponenten enthalten, besteht. Namentlich in bezug 
auf die Samenfette kénnte wohl fast bemerkt werden, dass einfache Tri- 
glyceride, mit nur einer Saurekomponente, allein dann in nennenswerter 
Menge gebildet werden, wenn keine andere Bindungsweise der zur 
Verfiigung stehenden Fettsauren méglich ist. 

Infolge der Anerkennung dieser Tatsache sieht die Fettchemie sich 
selbstverstandlich vor eine fraglos sehr wichtige, aber auch ausserst um-~- 
fangreiche und schwierige Aufgabe gestellt. Es wird nun namlich versucht 
werden miissen, allmahlig fiir eine grosse Anzahl Fette und Ole, welche 
den verschiedensten Gebieten des Pflanzen-, bezw. Tierreichs angehéren, 
die Zusammensetzung des Glyceridgemisches méglichst genau kennen zu 
lernen. Es unterliegt fiir uns keinem Zweifel, dass hierbei viele Tatsachen 
und Gesetzmassigkeiten zutage treten. werden, welche sich in theoretischer 
oder in praktischer Hinsicht als bedeutsam erweisen werden; wir denken 
hier z.B. an Beziehungen zwischen dem Vorkommen bestimmter gemischter 


813 


Triglyceride und der Stellung der Fette oder Ole im botanischen, bezw. 
zoologischen System. 


In Zusammenhang mit eventuellen praktischen Anwendungen von Ergebnissen solcher 
Untersuchungen sei nebenbei bemerkt, dass die BOMER'sche Methode zur Priifung von 
Schweineschmalz auf Zusatz von Talg auf einem Unterschied in der Glyceridstruktur 
beider Produkte beruht; Schmalz enthalt eine kleine Menge f.Palmito-qy.distearin, Talg 
dagegen a.Palmito-§y.distearin. 


Es ist fiir unseren Zweck nicht nétig, hier eine Ubersicht iiber die schon 
veroffentlichten Untersuchungen auf dem soeben angedeuteten Gebiet zu 
geben. Aus einer solchen Ubersicht wiirde sich zeigen, dass man bisher 
nur ausnahmsweise zu einer vollstandigen Aufklarung der Konstitution 
der isolierten gemischten Triglyceride, dh. zu einer Bestimmung der 
Stellung der verschiedenen Acylgruppen, iibergegangen ist. Dies ist durch- 
aus verstandlich: die Abtrennung individueller Triglyceride in einiger- 
massen reinem Zustand, sei es als solche, sei es in der Form von Brom- 
additionsprodukten, bietet schon iiberreich Schwierigkeiten. Fiir die 
Erwerbung eines méglichst guten Einblickes in die Glyceridstruktur eines 
Fettes oder Oles und a fortiori fiir eine etwaige Vergleichung der Struktur 
verschiedener Fette oder Ole ist jedoch die Kenntnis der vollstandigen 
Konstitution der isolierten Triglyceride wohl selbstredend unerlasslich. 

Die Bestimmung der Stellung der verschiedenen Acylgruppen in einem 
aus einem Naturprodukt isolierten mehrsdurigen Triglycerid wird wohl 
immer durch Vergleichung dieser Substanz (wenn ungesattigte Sauren als 
Saurekomponenten vorhanden sind, eventuell ihres Hydrierungsproduktes) 
mit auf synthetischem Wege erhaltenen Praparaten erfolgen miissen. 
Durch die schénen Untersuchungen von Emil FISCHER und seinen Mit- 
arbeitern!) stehen vortreffliche Methoden fiir die Synthese zweisauriger 
Triglyceride, sowohl symmetrischer als asymmetrischer, schon lange zur 
Verfiigung ; in den letzten Jahren sind diese Methoden in einigen Punkten 
von untergeordneter Bedeutung von KING und seinen Schiilern?) erganzt 
worden. Schén ausgedachte, doch héchst umstandliche Wege zur Her- 
stellung dreisduriger Glyceride sind spater durch Untersuchungen von 
BERGMANN und seinen Mitarbeitern?) zur Verfiigung gekommen; diese 
Forscher haben in der Tat a. Acetyl-f. (p. nitrobenzoyl) -y. benzoyl-glycerol 
synthetisiert. Wersuche iiber die Brauchbarkeit dieser Verfahren fiir 
die Synthese dreisduriger Glyceride, welche in der Natur auftretende 
Fettsauren als Saurekomponenten enthalten, hat BERGMANN bestimmt 
angestellt4); in dieser Richtung ist jedoch bisher nichts veréffentlicht 


1) FISCHER, BERGMANN und BARWIND, Ber. 53, 1589 (1920); FISCHER und PFAHLER, 
ibid. 53, 1606 (1920); FISCHER, ibid. 53, 1621 (1920). 

2) AVERILL, ROCHE und KING, J. Am. Chem. Soc. 51, 866 (1929); ROBINSON, ROCHE 
und KING, ibid, 54, 705 (1932); Mc. ELRoOY und KING, ibid. 56, 1191 (1934). 

3) BERGMANN, BRAND und DREYER, Ber. 54, 936 (1921); BERGMANN, Z. physiol. 
Chem. 137, 27 (1924). 

4) Vogl. Ber. 54, 944 (1921). 

54 
Proceedings Royal Acad, Amsterdam, Vol. XXXVII, 1934. 
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worden. Es ist diesbeziiglich sicher die Annahme berechtigt, dass sich 
hierbei uniiberwindliche experimentelle Schwierigkeiten ergeben haben. 
Beilaufig sei hier noch auf einen wohl schon von vornherein zum Misslingen 
verurteilten Versuch von AMBERGER und WIESEHAHN®5) zur Synthese 
von f. Oleo-palmitostearin hingewiesen. 

Es ist uns nunmehr gelungen, eine recht einfache Methode fir die 
Synthese dreisauriger Glyceride auszuarbeiten, welche — selbstverstandlich 
abgesehen von experimentellen Schwierigkeiten in bestimmten Fallen, z.B. 
verursacht durch niedrige Schmelzpunkte der Zwischen-oder Endprodukte 
— allgemein anwendbar ist und keinerlei Zweifel an der Konstitution der 
erhaltenen Produkte bestehen lasst. Bei dieser Synthese werden in bestimm- 
ten Fallen (vgl. §§ 2 und 4) als Zwischenprodukte zweisaurige ay. Di- 
glyceride erhalten. Soweit uns bekannt, stand eine Methode fiir die Syn- 
these solcher Substanzen (z.B,. a.Palmityl-y.stearylglycerol) bisher noch 
nicht zur Verfiigung. 

Die betreffende Methode wird in dem hier Folgenden nur in Haupt- 
linien beschrieben, und zwar vornehmlich — wofiir wir berechtigten Grund 
haben — um unsere Prioritatsrechte festzulegen. Die von uns auf diesem 
Gebiete durchgefiihrten Untersuchungen werden zu gelegener Zeit 
anderswo ausfiihrlich besprochen werden. 


§ 2. Ausgangspunkt fiir unsere Synthese dreisauriger Glyceride bilden 
die a. Monoglyceride I (wir werden in den Formeln die Acylgruppen mit 
den Buchstaben D, E und F bezeichnen), welche, ausgehend von Aceton- 
glycerol, nach FISCHER, BERGMANN und BARWIND !) sehr leicht zuganglich 
sind. Wir haben die Herstellungsweise dieser Substanzen noch etwas 
verbessern und dadurch die Ausbeute erhdhen kénnen. Ein unwiderleg- 
barer Beweis fiir die a-Stellung der Acylgruppe in diesen Verbindungen ist 
von BERGMANN und SABETAY &) geliefert worden. Das von diesen Forschern 
auf einem ganz anderen Wege, namlich ausgehend von 2. Phenyl-5. chloro- 
methyl-oxazolidin, erhaltene Monolaurin, bezw. Monostearin besass 
namlich zweifellos eine asymmetrische Struktur, da es nach vorhergehender 
Spaltung eines der Zwischenprodukte in optisch-aktiver Form erhalten 
werden konnte, und erwies sich mit einem nach FISCHER, BERGMANN und 
BARWIND bereiteten Praparat als véllig identisch. 

Wird ein a. Monoglycerid mit der theoretischen Menge (1 Mol.) Tri- 
phenylmethylchlorid (—Tritylchlorid) in Gegenwart von iiberschiissigem 
Pyridin oder Chinolin kurze Zeit auf dem Wasserbade erwarmt, dann 
entsteht mit sehr guter Ausbeute eine Monotritylverbindung, der mit fast 
vollkommener Sicherheit die Struktur II (die Tritylgruppe werden wir in 
den Formeln immer mit den Buchstaben Tri bezeichnen) zuerkannt werden 
muss. Die gleiche Verbindung entsteht namlich als Hauptprodukt bei 


5) Z. Untersuch. Lebensm. 46, 296 (1923). 
6) Z. physiol. Chem. 137, 47 (1924). 
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Sree CH,OD CH,OD CH,OD CH,OD 
GHionn.—> cH on. => cH Ops GH OD oder CH OH 
CH,OH CHO Tr 6,0 Tr CH,OH éH,0D 
I = fe V VI 
CH,OH 
CH OH 
CH,OTHi 


Il 


Hinzufiigung einer Lésung von 1 Mol. Acylchlorid D.Cl in Chloroform 
zu 1 Mol. Monotritylglycerol, gelést in Chinolin. Die letztgenannte 
Verbindung (Schmelzpunkt 109-110°), deren Herstellungsweise7) wir 
sehr bedeutend verbessern konnten, besitzt nun so gut wie sicher die 
Struktur III. Sowohl HELFERICH und SIEBER8) als JACKSON und KING 9) 
haben namlich nachgewiesen, dass hieraus durch Benzoylieren und Detrity- 
lieren der dabei gebildeten Dibenzoylverbindung af. Dibenzoylglycerol 
(allgemeine Formel V) entsteht; die durchaus sicheren Beweise fiir die 
Konstitution der letztgenannten Verbindung kénnen hier unbesprochen 
bleiben. Daher ist im Monotritylglycerol die Tritylgruppe endstandig, es 
sei denn, dass wahrend der Detritylierung der Dibenzoylverbindung 
Wanderung einer Benzoylgruppe aus einer a-~ in die f-Stellung auftritt. 
Dies ist jedoch wohl sehr unwahrscheinlich. Denn umgekehrt ist gerade 
die Wanderung von Gruppen aus der f- in die a-Stellung eine bei Glyce- 
riden sehr haufig vorkommende Erscheinung. Ein sehr schénes Beispiel 
hiervon ist der Ubergang von f.- in a. Monopalmitin unter Einfluss ver- 
diinnter alkoholischer Salzsdure bei Zimmertemperatur, der kiirzlich von 
STIMMEL und KiING1°) untersucht wurde. 

Die Konstitutionsformeln II und III, die wir auf Grund des Obigen 
glauben annehmen zu miissen, finden eine indirekte und sicherlich nicht 
kraftige Stiitze in einem Ausspruche HELFERICH’s1!), der sich haupt- 
sachlich auf die Erfahrungen griindet, welche dieser Forscher bei seinen 
Untersuchungen iiber Tritylverbindungen von Zuckern und nahe ver- 
wandten Substanzen machte. Nach ihm sollen namlich bei dieser Klasse 
von Polyhydroxylverbindungen unter den angewandten Bedingungen nur 
primare Hydroxylgruppen mit Tritylchlorid bei Anwesenheit von Pyridin 
in Reaktion getreten sein. Es ist fiir unseren Zweck nicht nétig, hier die 
Zulassigkeit dieses Ausspruchs an dem vollstandigen verfiigbaren Tat- 


7) HELFERICH, SPEIDEL und TOELDTE, Ber. 56, 766 (1923). 

8) Z,. physiol. Chem. 170, 31 (1927). 

9) J, Am. Chem. Soc. 55, 678 (1933). 

10) bid. 56, 1724 (1934). 

11) Z,. physiol. Chem. 170, 31 (1927); Z. angew. Chem. 41, 613, 871 (1928). oe 
a 


816 


sachenmaterial nachzupriifen. Wir haben den Eindruck, dass er wohl 
richtig ist und unsere Methode fiir die Synthese dreisauriger Glyceride 
sogar unter dem Einfluss dieses Eindruckes konzipiert. 

Aus dem Nachstehenden wird sich zeigen, dass die Konstitution des 
a. Acyl-monotritylglycerols uns gleichgiiltig sein kann, solange wir nur 
Glyceridsynthesen nachstreben. Doch wird selbstredend versucht werden, 
die Konstitution II naher zu bestatigen. Es liegt auf der Hand, zu diesem 
Zwecke den Nachweis erbringen zu suchen, das Monotritylglycerol in 
optische Antipoden spaltbar ist. Auf ganz andere Methoden zur Bestatigung 
der Konstitutionsformeln II und III hoffen wir spater eingehen zu kénnen. 

Bei Hinzufiigung einer Lésung von 1 Mol. Acylchlorid D.Cl in Chloro- 
form zu 1 Mol. ebenfalls die Acylgruppe D enthaltendem und in Chinolin 
geléstem a. Acyl-monotritylglycerol, entsteht mit guter Ausbeute eine 
Diacyl-monotritylverbindung, welche ebenfalls ausgehend von Monotrityl- 
glycerol erhalten werden kann, und der, bei Annahme der Konstitutions- 
formeln III und II, die Konstitution [IV zukommt. Einige Verbindungen 
dieser Art waren, von Monotritylglycerol ausgehend, schon friher von 
JACKSON und KING®) hergestellt worden, jedoch mit viel geringerer Aus- 
beute; von der Herstellung der Dibenzoylverbindung ist schon oben die 
Rede gewesen. 

Es wurde bereits mitgeteilt, dass beim Detritylieren von Dibenzoyl- 
tritylglycerol und zwar mit Hilfe einer gesattigten Lésung von Bromwasser- 
stoffsdure in Eisessig 8) oder in Chloroform) af. Dibenzoylglycerol ent- 
steht. Dagegen fanden JACKSON und KING ®), — und wir kénnen dies 
vollkommen bestatigen —, dass unter ganz denselben Bedingungen aus 
Dipalmityl-tritylglycerol, bezw. Distearyl-tritylglycerol ay. Dipalmitin, 
bezw. ay. Distearin erhalten wird; die symmetrische Konstitution VI dieser 
letzten Verbindungen folgt mit Sicherheit aus dem Umstande, dass die 
hieraus bereiteten zweisdurigen Triglyceride nicht mit denjenigen identisch 
sind, welche ausgehend von dem erforderlichen a. Monoglycerid erhalten 
werden kénnen. Fraglos findet also in einem dieser beiden Falle bei der 
Detritylierung Wanderung einer Acylgruppe statt. Nach unserer oben 
verteidigten Ansicht, die von JACKSON und KING geteilt wird, findet diese 
im letztgenannten Falle, also wenn die Acylgruppen Fettsaurereste sind, 
statt, und daher aus der f- in eine a-Stellung. Derselbe merkwiirdige 
Gegensatz zwischen Benzoyl- und p-Nitrobenzoylgruppen einerseits und 
Fettsaureresten anderseits wurde bei Detritylierung in der angegebenen 
Weise von Acyl-ditritylglycerolen konstatiert. Hierbei wurde namlich 
B. Benzoylglycerol und £.(p. Nitrobenzoyl) glycerol, dagegen a.Mono- 
palmitin und a. Monostearin erhalten 12), 

Diese von JACKSON und KING zuerst beschriebene Bildungsweise der 
einsaurigen py. Diglyceride ist eng der von FISCHER 13) angegebenen Her- 


12) HELFERICH und SIEBER, Z. physiol. Chem. 170, 31 (1927): 175, 311 (1928); 
JACKSON und KING, loc. cit. 
13) Ber, 53, 1621 (1920). 
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stellungsweise dieser Substanzen verwandt. Ausgehend von Monojodhydrin, 
dem wohl die Konstitution VII zuerkannt werden muss, wird z.B. die 
CH) CH2J CH2OSt 


| | | 
GHOH — CHOSt — CHOH 


GH OH -CH,OSt CHOS 

Vil Vill IX 
Distearylverbindung VIII hergestellt, welche durch Kochen mit Silbernitrit 
in alkoholischer Lésung in ay. Distearin IX verwandelt wird. Das Mono- 
tritylglycerol ist jetzt von uns zu einer leicht in grossen Mengen zugang- 
lichen Substanz gemacht worden. Es erhebt sich deshalb die Frage, ob die 
von dieser Substanz ausgehende Bereitung symmetrischer einsduriger 
Diglyceride nicht den Vorzug vor dem von FISCHER angegebenen Ver- 
fahren verdient. 


§ 3. Auf Grund der in § 2 niedergelegten Ausfiihrungen kann nun- 
mehr die folgende einfache Methode fiir die Synthese dreisauriger Gly- 
ceride angegeben werden. 

Ausgehend von dem aus Acetonglycerol und Acylchlorid D.Cl herge- 
stellten a. Monoglycerid X, wird in der oben schon kurz angedeuteten 
Weise die Monotritylverbindung XI erhalten; fiir die im nachstehenden 
Schema dieser Verbindung zuerkannte Konstitution sei nach § 2 verwiesen. 
Diese Substanz wird in Pyridin oder Chinolin gelést und bei Zimmer- 
temperatur mit der theoretischen Menge (1 Mol.) des in Chloroform 
gelésten Acylchlorids E.Cl in Reaktion gebracht. Dem hierbei mit sehr 
guter Ausbeute entstandenen zweisdurigen Diacyl-monotritylglycerol XII 
wird darauf, z.B. auf eine der bereits in § 2 genannten Weisen, die Trityl- 
gruppe entzogen. Hierbei entsteht dann, abhangig von dem Auftreten oder 
Nicht-Auftreten einer Acylverschiebung von der f- nach einer a-Stellung, 
ein zweisauriges Diglycerid von der Formel XIII oder XIV. 


CH,O0D CH,O0D CH,OD ee ee CH,0D 
| | | | 
CHOne— | CHOH ~— -CHOE — CHOH “oder. CHOER 
| | | | | 
CH,0H CH2O Tri CHO Tri CH,OE CH,OH 
X XI XII XII XIV 
CH,OD GIcoD CH,OD CHOD 
| 
CHOD CHOE CHOF CHOE 
| | | | 
CH,OE CH,OD—* CH,OE CH,OF 
XVII XVIII XV XVI 


Die Struktur des erhaltenen zweisaurigen Diglycerids kann leicht und 
mit vollkommener Sicherheit bewiesen werden. Wir werden hier nur eine 
Methode angeben; vielleicht ergibt sich spater noch Gelegenheit auch 
andere Methoden zu besprechen. Besitzt die erhaltene Substanz die 
ay-Struktur XIII, dann liefert sie bei Einwirkung von 1 Mol. Acylchlorid 
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D.Cl in der bekannten Weise ein asymmetrisches zweisauriges Triglycerid 
XVII; hat sie dagegen die af-Struktur XIV, so liefert sie bei Einwirkung 
desselben Acylchlorids ein symmetrisches zweisauriges Triglycerid XVIII. 
Diese Triglyceride kénnen nun auch mit Hilfe anderer, urspriinglich von 
Emit FISCHER und seinen Mitarbeitern herrithrenden Verfahren!) herge- 
stellt werden. Die Konstitution der auf diese Weise erhaltenen Substanzen 
steht einwandfrei fest. Die physikalischen Eigenschaften (Schmelzpunkt, 
Loslichkeit) eines Isomerenpaares sind geniigend verschieden?) um mit 
ihrer Hilfe die Identifizierung eines Praparates leicht zu ermdglichen. 

Wird das zweisaurige Diglycerid XIII bezw. XIV schliesslich in der 
iiblichen Weise mit 1 Mol. Acylchlorid F.Cl in Reaktion gebracht, dann 
entsteht das dreisdurige Glycerid XV bezw. XVI. Die Konstitution des- 
selben folgt mit vollkommener Sicherheit aus derjenigen der Verbindung 


XIII bezw. XIV. 


§ 4. Weil die Konstitution des in der soeben angegebenen Weise 
erhaltenen zweisdurigen Diglycerids immer mit vdolliger Sicherheit zu 
bestimmen ist, kann selbstverstandlich — wie bereits in § 2 bemerkt wurde 
— die Konstitution der beiden als Zwischenprodukt auftretenden Mono- 
tritylverbindungen uns gleichgiiltig lassen, solange es sich nur um die 
Herstellung der genannten Diglyceride oder dreisauriger Glyceride handelt. 
Die nunmehr leicht zuganglich gewordenen, zwei verschiedene Acylgruppen 
enthaltenden Diacyl-tritylglycerole bilden jedoch auch sehr brauchbares 
Material fiir Untersuchungen in einer ganz anderen Richtung, falls in- 
zwischen ihre Konstitution vollstandig bekannt ist. Sie konnen dann namlich 
sehr gut dienen fiir ein naheres Studium der interessanten Erscheinungen, 
welche bei der Detritylierung der einsaurigen Diacyl-tritylglycerole mit 
einer gesattigten Losung von Bromwasserstoffsaure in Eisessig oder in 
Chloroform aufgefunden worden sind und welche wir in § 2 schon kurz 
besprochen haben. Wir haben schon dargelegt, dass in diesen Verbindun- 
gen die Tritylgruppe mit nahezu vélliger Sicherheit endstandig ist und 
daher Acylwanderung aus der f- in eine a-Stellung eintritt, wenn beide 
Acylgruppen Palmityl- oder Stearylgruppen sind, wahrend eine solche 
Umlagerung ausbleibt, wenn zwei Benzoyl- oder p. Nitrobenzoylgruppen 
vorhanden sind. Es drangen sich jetzt mehrere Fragen auf, z.B. was 
geschehen wird, wenn eine Benzoyl- und eine Palmitylgruppe vorhanden 
sind und zwar in den beiden méglichen Kombinationen (a. Benzoyl-f. 
palmityl-y. tritylglycerol und a. Palmityl-f. benzoyl-y. tritylglycerol)? Wird 
das Auftreten oder Ausbleiben einer Acylwanderung allein durch die Art 
der f-standigen Gruppe bestimmt oder spielt auch die Art der a-standigen 
Gruppe hierbei eine Rolle? Wir beabsichtigen in spateren Abhandlungen 
diese und ahnliche Fragen an Hand von einschlagigen Experimenten zu 
beantworten. 


Laboratorium der Niederlandischen Handels-Hochschule. 
Rotterdam, November 1934. 


Palaeontology. — Die Variationsstatistische Methode angewandt auf ein 
groszes Material von Schizoblastus aus dem Perm von Timor und 
einige neue Anomalien dieser Gattung. Von H. JANSEN. (Com- 
municated by Prof, H. A. BRoUWER). 


(Communicated at the meeting of November 24, 1934). 


Die Schizoblasten von Timor sind von WANNER in verschiedenen 
Abhandlungen beschrieben worden, worin er die Arten dieses Genus 
festlegte (Sieh Literaturangabe). Zu dieser Artentstehung werden 
Merkmale wie die Zahl der Seitenfurchen zwischen den Deckplattchen des 
Ambulakrums pro 5 mm, die Breite, Héhe der Theka, des Ambulakrums 
und der Deltoidplatte, die Verzierung der Theka, die Héhenlage des 
groszten Umkreises verwandt. 

Aus altem Material von Basleo!) und neuen Aufsammlungen von 
dort und von der Stelle Niipol (Soempek) 2), an der EnRAT bereits ge- 
sammelt hatte, ergab sich bald, dass sich einige Formen, den oben 
beschriebenen Merkmalen nach, schwer einteilen lieszen. Wa4&hrend es im 
allgemeinen nicht méglich ist zu entscheiden ob Standortsvarietaten oder 
Mutationen vorliegen, kann man mit Hilfe der statistischen Methode oft 
feststellen ob man mit einer neuen Spezies, Varietaét, oder einer schon 
beschriebenen Art zu tun hat. 

Bei der statistischen Untersuchung wurden die folgenden Symbole 
eingefiihrt : 

A = Anzahl Seitenfurchen auf dem Ambulakrum pro 5 mm 

H = Hohe der Theka 

B = Breite der Theka 

B, = Breite der Deltoidplatte 

B, = Breite des Ambulakrums 

AH ist die halbe Zahl der Seitenfurchen des Ambulakrums. 

Diese Symbole wurden auf die Kodrdinate eingetragen. Die so erhaltenen 
Punkte wurden selbst nicht angegeben, sondern nur die durch Anaufungen 
entstandenen Felder. 

Fir die Interpretation der statistischen Methode sind folgende Regeln 
maszgebend : 


I. Schlieszen sich zwei Felder mit zunehmender Breite zusammen, so 
ist eine Spezies vorhanden, besonders, wenn die Grenzgebiete beider 
Felder die meisten Exemplare enthalten. Ist dagegen in beiden Feldern 
die grészte Haufigkeit (Frequenz), zentral und nicht peripherisch gelegen, 
oder beriihren sie sich nicht, so sind zwei Spezies vorhanden. 


1) Aus der Sammlung der Technischen Hochschule in Delft (Koll. JONKER). 
2) Sammlung des Geologischen Instituts der Universitat Amsterdam. 
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II. Ist eine Form, z.B. in einem Merkmale sehr wenig, in den iibrigen 
Hauptmerkmalen aber ziemlich oder ganz konstant, so kann man auf eine 
Varietat schlieszen. Einige Formen, die zwischen zwei Feldern liegen, sind 
wahrscheinlich als Ubergange oder Kreuzungen zu deuten. 

Es liegen auch Formen vor, von denen zu wenig Exemplare vorhanden 
sind, oder deren Variationsbreite so grosz ist, dasz sie fiir die statistische 
Methode ungeeignet sind. (z.B. Schizoblastus verbeeki, und pseudodelta). 
Die folgenden Messungen wurden graphisch dargestellt : 

A und H; AH und H/B,; H,/H» und B,/B.; H/B-und H,/B, 
(H,— Hohe der Deltoidplate; H, der Radialplatte). 

Es gaben aber nur die in Fig. 1 und 2 wiedergegebenen Messungen 

deutliche Resultate. Schon WANNER war es bekannt, dasz es beim 


H 
22 24 26 28 50 32 34 36 38 40 49 


Fig: 1 


AH 


SS ote 


Higa den) 2, 

= Schizoblastus permicus Feld (160 Messungen). 

= Schizoblastus batheri Feld (25 Messungen). 

= Schizoblastus crassus sp. nov. Feld (15 Messungen). 

= Schizoblastus jonkeri Feld (6 Messungen). 

= Schizoblastus delta Feld (7 Messungen). 
= alte Grenze von Schizoblastus permicus, nach WANNER. 
©,O = Ubergang zwischen S. permicus und S. jonkeri, 

-++ = Ubergang zwischen S. permicus und S. batheri (unverziert). 

X = Schizoblastus permicus var. nov. (verziert). | 


nae 
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Wachstum von Schizoblastus bestimmte Regeln gab (2. p. 182): Diese 
konnte ich durch Messungen an einem groszen Material bestatigen. Aus 
ungefahr 160 Messungen an Schizoblastus permicus ergab sich folgendes 
Bild (fig--1—2). 

1. Die Anzahl der Seitenfurchen (A) pro 5 mm nimmt mit der Grésze 
(Héhe der Theka) ab (fig. 1).° 

2. Das Hohe: Breite Verhaltnis der Theka nimmt mit der Hohe zu. 

3. Das Héhe: Breite Verhaltnis des Ambulakrums nimmt mit der 
Hohe zu (fig. 2). 

Es ergibt sich weiter, dasz bei Schizoblastus permicus, im Gegensatz zu 
WaANNERS Definition (l.p. 44) A kleiner als 13 sein kann (A=11—15) 
(fig. 1 sieh G). Ferner ergibt sich statistisch, dasz die groszen schlanken 
Formen von Niipol und einige von Basleo zu Schizoblastus permicus 
gehoren, da bei einer geniigenden Zahl Messungen, das von ihnen einge- 
nommene Feld, immer breiter werdend, sich genau dem Schizoblastus 
permicus Felde anschlieszt, gerade dort, wo die beiden Felder die grészten 
Haufigkeiten enthalten (fig. 1, G). In fig. 2 sind die Felder groszer und 
kleiner Formen ganz zu einem Felde verschmolzen. 

Unter dem Material von Basleo befinden sich dagegen Formen, die nicht 
ohne weiteres zu Schizoblastus permicus gerechnet werden kénnen. 

Die erste hat die folgenden Merkmale (Fig. 1, 2.C). 

Die Hohe ist meistens betrachtlich, namlich durchschnittlich 3.0 cm. 

Sollte diese Form Schizoblastus permicus angehéren, so kénnte man, 
der oben beschriebenen Entwicklung nach: A= 11 oder weniger 
erwarten, was jedoch nicht der Fall ist. (A= 12, fig. 1) Auszerdem ist 
das Verhaltnis H/B. meistens noch kleiner als bei den kleinsten Schizo- 
blastus permicus, und somit von dem groszen Schizoblastus permicus sehr 
abweichend (fig. 2). Fir das Verhaltnis H/B gilt ungefahr dieselbe 
Betrachtung wie fiir H/Bo. 

Die Dicke der vorliegenden Form ist eines der hervorragendsten 
Merkmale. Der Namen Schizoblastus crassus sp. nov. 
scheint daher fiir diese neue Spezies angebracht. 


Schizoblastus crassus spec. nov. 


Hohe: Breite Verhaltnis ist 0.9—1.2 (fig. 3). 
Die Deltoidea sind 2—3 mal langer als breit, 1.3— 
2.5 mal langer als die interradiale Naht zwischen den 
; ee Lippen der Radialia und dem distalen Ende der Del- 
Schizoblastus crassus sp. ‘ : 
nov. Natiirliche Grosze, toidea. Die Deltoidea sind an der Radiodeltoidnaht 
Orginal in Delft. 0.8—1.6 mal breiter als das Ambulakrum, dieses 
Verhaltnis ist bei Schizoblastus permicus durchschnittlich 1.5. 
Die Ambulakren und die Basis sind ziemlich tief eingesenkt, die zwei 
Halften des Ambulakrums bilden einen stumpfen Winkel. Der Sinuswand 
ist nicht ausgehdhlt und fallt ziemlich steil gegen das Ambulakrum ab. 
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Verzierte Formen und Ubergange. 


Bisher war noch kein Schizoblastus permicus mit Verzierungen der 
Theka bekannt, (WANNER; 1. p. 72): (Verzierungen der Theka sind 
nicht vorhanden). 

Im Material von Niipol wurden 7 und von Basleo 2 Exemplare gefun- 
den mit ziemlich schwach entwickelten Querleisten, die in jeder Hinsicht 
dem Schizoblastus permicus gleichen und nicht dem fast immer verzierten 
Schizoblastus batheri. 

Statistisch liegen fast alle diese Abarten im Schizoblastus permicus Felde 
(fig. 1 u. 2). Auffallend ist, dasz die neuen Formen, sowohl dem Schizo- 
blastus permicus als dem Schizoblastus batheri gegeniiber, ziemlich grosz 
sind (z.B. mittlere Grésze von Schizoblastus permicus und _batheri 
1.4—1.9 cm neue verzierte Varietat: 1.75—2.75 cm.) Die Verzierung 
besteht nur aus ziemlich schwach entwickelten Querleisten, welche wie bei 
Schizoblastus batheri quer iiber die interradiale Naht hinwegziehen. Die 
Bedeutung der bei Schizoblastus batheri pseudodelta und permicus var. nov. 
angetroffene Verzierung ist noch nicht ganz erklart. Vielleicht sind die 
Querrippen Ansatzstellen von Muskeln die die Radialia zusammenhielten, 
zum Teile ist die Verzierung auch dieselbe wie die Anwachsstreifung. 
Jedenfalls ist die Verzierung allein fiir die Artbestimmung nicht masz- 
gebend (vergleiche WANNER I. p. 44). 

Auch bei Schizoblastus batheri von Basleo kommen Exemplare vor, bei 
denen die Verzierung primar fehlt. Vielleicht sind es Ubergange 
(Kreuzungen) zwischen Schizoblastus batheri und permicus, da sie sich 
in gewissen Merkmalen (z.B.; A) zwischen den Feldern beider Hauptarten 
befinden (fig. 1 u. 2). 

Ebenso gibt es einige Formen, welche auch als Ubergange, namlich 
zwischen Schizoblastus permicus und jonkeri zu deuten sind. Sie werden 
mit einigen Merkmalen im Schizoblastus permicus Felde, 
und mit andern im Schizoblastus jonkeri Felde ange- 
troffen. Auszerdem liegen die Ambulakren meistens etwas 
tiefer als bei dem normalen Schizoblastus jonkeri. 


Schizoblastus Verbeeki Wann. var. elongata. 
var. nova. 


Von Basleo stammt noch eine Form, die leider nur in 
einem verdriickten Exemplar vorliegt, welches viele Ahn- 


ign 4: 
Schizoblastus ver- ,. : : ; 
aT eae lichkeiten mit Schizoblastus verbeeki besitzt, aber viel 
elongata. var. nov. groszer und schlanker als der gewodhnliche Schizoblastus 
Vergrészerung _verbeeki ist (fig. 4). 


‘2 X- Original in =H — 6,5 H/B=1.9 (bezw. verbeeki: 1.2— 1.6) 


Amsterdam. 


H/B, = 14.4 (bezw. verbeeki: 6—8). 
Wie bei den meisten Exemplaren von Schizoblastus verbeeki ist diese 
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Form abgestutzt kegelférmig und verdriickt. Der Namen Schizoblastus 
verbeeki var. elongata diirfte diese Abart am besten bezeichnen. 


Meine Ergebnisse iiber die Werwendungsméglichkeit der statistischen 
Methode méchte ich zusammenfassen. Auch die statistische Methode ist 
nicht ganz objectiv, da sie selbst bei groszem Material abhangig bleibt 
von der Anzahl und Auswahl der vorgenommenen Messungen. Sie liefert 
deutliche Resultate bei einzelnen Merkmalen. Bei groszem Material wird 
sie jedoch ein wertvolles Hilfsmittel zur Klarung und Praecisierung 
zwischen den einzelnen Formenkreisen liefern. 


Anomalien. 


Bei der Durchsicht des Materials von vielen Tausenden von Schizo- 
blasten fanden sich auch wieder zahlreiche Anomalien vor, unter welchen: 
Von Basleo eine Form, die man mit WANNER (4, p. 19) zur Gruppe II 
(Excessa) einteilen kénnte (fig. 5). Lage der Anomalie in der Theka 
zwischen raR unr rpIR Theka mit einem iiberzahligen, nicht ganz 


Fig. ©. 
Schizoblastus permicus Wanner sechsstrahlig. Orginal in Delft. 
A= Anale Offnung. ir = Interradiale Naht. 
S = Sinus vom sechsten Radius. rd = Radiodeltoid Naht. 
D1 = Deltoid ‘5 . E = Einsenkung. 
B= Basalkranz. Vergrészerung: 3 X. 


entwickelten Interradius. Dieser besteht aus einem Radiale und Deltoid. 
Also ist diese Form ein unregelmasziger Sechsstrahler, das Ambulakrum 
ist im abnormalen Sechsten Radius noch nicht entwickelt, wohl aber der 
Sinus. 

Das Deltoid des sechsten Interradius ist kleiner als die normalen 
Deltoidea und am oberen Ende noch nicht ganz ausgewachsen, auch 
ralR ist anomal entwickelt. Die Radiodeltoidnaht von raIR ist in zwei 
ungleiche Aste geteilt, der grészte Ast hat eine sehr schrage Stellung. 
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Auch die interradiale Naht liegt asymmetrisch auf der Seite von aR. Die 
zwei interradialen Nahte von raIR und vom sechsten Interradius treffen 
noch, bevor sie die Basalia erreichen, zusammen und bilden eine einzige 
interradiale Naht, so dasz die zwei Aste mit der unteren normalen inter- 
radialen Naht Ecken von ung. 130° bilden. 

Die anomal vorspringende Lippe von raR ist nicht nach einwarts 
gezogen wie die andern, sondern springt vor. 

Die Radiodeltoidnaht im sechsten anomalen Interradius ist nicht ganz 
entwickelt. Wohl aber ist der anomale Interradius an der-Radiodeltoidnaht 
und etwas hoher vertieft, wahrend das auf der einen Seite gut entwickelte 
Ambulakrum auf einer kurzen Strecke héher liegt als der Interradius; diese 
Vertiefung des Interradius lauft nach der Seite des Ambulakrums etwas 
schrag nach oben. 

Bei einer Form von Tonino (Sopaba) ist die Spaltung einer inter- 
radialen Naht in zwei interradiale Nahte genau dieselbe. Die zwei Nahte 
treffen mit den Ambulakren zu beiden Seiten des anomalen Interradius 
zusammen und zwar auf der Hohe der Radiodeltoidnaht. Diese letzte lauft 
anomal schrag nach oben und trifft genau in der Mitte des anomalen 
Interradius mit einer Langsfurche der Deltoidplatte zusammen. 

Die Radialplatte zwischen den zwei interradialen Nahten ist rauten- 
formig. 

Lage: Anomaler Interradius rechts hinten (rpIR). 

Von Niipol stammt eine Form, die sowohl mit den oben beschriebenen 
Former als auch mit dem von WANNER beschriebenen Typus Fa viele 
Ahnlichkeiten besitzt. Auch hier treffen zwei interradiale Nahte zusammen, 
bevor sie den Basalkranz erreichen und bilden dort eine einzige interradiale 
Naht. Lage: Linker vorderer Interradius anomal mit einer iiberzahligen 
Platte laIR und die zwei Interradii mit anomalen interradialen Na&hten 
bezw. ralR und rpIR. Schlieszlich stammt von Niipol noch eine Form, 
wobei wie beim Typus A (a—z) das eine Ambulakrum teilweise ver- 
kiimmert, aber nicht eingeschniirt ist wie bei A, dagegen ist genau die 
Halfte eines Ambulakrums obliteriert, so dasz die eine Reihe Deckplattchen 
noch ganz bewahrt bleibt, die andere Reihe aber und somit auch die 
V-férmige Anordnung der Form der Ambulakral-plattchen ganz verloren 
geht. 

Ich méchte diese Zeilen nicht schlieszen ohne den Herrn Prof. GERTH 
in Amsterdam und Prof. WANNER in Bonn zu danken fiir die vielen 
Ratschlage, die sie mir bei der Ausriihrung dieser Untersuchung haben zu 
Teil werden lassen. 

Das Material wurde mir freundlichst von Herrn Prof. Dr. H. A. 
Brouwer, Direktor des geologischen Instituts zur Verfiigung gestellt. Ihm 
sei hierfiir an dieser Stelle der gebithrende Dank gebracht. 


Oct21934) Amsterdam Geologisches Institut. 
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Mathematics. — Electromagnetism, independent of metrical geometry. 
4. Momentum and energy; waves. By D. VAN DANTZzIG }). 
(Communicated by Prof. J. A. SCHOUTEN). 


(Communicated at the meeting of November 24, 1934). 


§ 1. Introduction. 


A well-known difficulty 2) in general relativity is: which is the relation 


existing between the density Sj" of stress, momentum and energy, and 
the vector p, of momentum and energy? This relation should be of a 


form somewhat like cp, = | G;* dS orp, =| S;/ dG;, integrated over 


a three-dimensional space. Neither of these integrals, however, is invariant, 
for integration of a vector Sj’ dG, presumes addition of vectors in 
different points, a process which has no meaning, except in Euclidian 
spaces. Moreover, and apart from the special way in which p, is to be 


expressed by ©; "a vector like p, cannot exist”) at all in a consequent 


field-theory. Indeed: a vector must always be applied to a certain point’), 


1) Cf. D. VAN DANTZIG, Electromagnetism, independent of metrical geometry, 1. The 
foundations, 2. Variational principles and further generalisation of the theory, 3. Mass 
and motion, these Proceedings, 37 (1934) 521—525; 526—531; 643—652, abbreviated as 
Viel 2,00: 

2) Cf. W. Pauli, A. S. EDDINGTON, l.c. EM 1, 523, note 3). 

2a) With “exist” we mean here: exist, independent of any choice of coordinates. 


3) For the transformation-formulae p; —> p, = Ai, p; are only well-defined if it is 


known, in which point the Aj, =0 y 2/ are to be calculated. 
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whereas p, should be the total amount of momentum and energy, con- 
tained in a finite volume and therefore would belong to this volume in- 
stead of to a definite point. Hence total (integrated) momentum and 
energy of a field is not a well-defined notion. *) 

Nevertheless light-waves exist, in general relativity also, and so does 
the wave-vector x;. But how then can PLANCK’s law E=hy and 
EINSTEIN’s extension p,=hx, have a meaning? It is this problem, which 
will be solved in this paper. 

The result is: for a plane-polarized monochromatic wave”) ©;" dege- 
nerates into a product 


Gi’ wks Se a 
where 


iS 6" 9, oe 


is the “action-current’, used in EM 2 (8). Hence, instead of first inte- 


grating ©;" and then dividing by ~; (which should give hc), we must 
first divide by x; (which is possible because of (1)) and then integrate, 


so that the law of PLANCK-EINSTEIN takes the invariant form { WdSi=he, 


In the special case of plane waves, where the x; are constant numbers, 
both forms are equivalent. 

Moreover, it will be shown (§ 4) that relations (1) and (2) hold not 
only for light-waves, i.e. waves without current, but also for waves 
with current®) (Cf. § 2), supposed that the latter is “vibrating’’ also, 
and that G;" is replaced by a generalized quantity &;", in which terms 
containing the current and the potentials are included (§ 3). Aside 3'= 0, 
i.e. light-waves (Cf. § 5), the other special cases F,; = 0 and h =4H,,©"7=0 
are remarkable. In these latter cases QW‘ is proportional with the electric 
current 8‘, whereas in the former case’ is because of (1) ”/. times the 
Pointing-vector, together with the energy density. Moreover, ' satisfies 
the “equation of continuity’ 0;28'—0 for arbitrary single waves as a 
consequence of the equation of motion (Cf. EM 3, § 4). Apparently QW’ 
can take entirely the place (but for a factor ’/.) of the energy-current; 


4) Contrary to the density of momentum and energy G;* and also to the momentum 
and energy of a material point. 


>) Shortly: a single wave. The wave-front need not be plane. 
8) We do not ask here, what is the exact physical meaning of such waves. It may 


be sufficient that they are possible solutions of MAXWELL’'s equations. For a particle in 
rest, ie. 52 « Q, the waves are stationary, i.e. x4_* 0. 
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also for arbitrary single waves. It seems that in the general case, where 


1 : * ° : 
YW and $' are not proportional, intimate connections with the pheno- 
menon of spin exist. 


Finally it will be shown in § 8 that not only MAXWELL’s equations, 
but also the equation of motion and the wave-equations can be brought 
into a very simple form, invariant under arbitrary transformations in 
five coordinates, but for the condition that the physical quantities are 
independent of the fifth coordinate. It cannot be decided yet, if this 
invariance has another than a merely formal meaning. 


§ 2. General single waves. 


A single (i.e. plane-polarized and monochromatic) wave is usually 
represented by equations of the form 


otine Vic TT GUA gy ar a PE eal) 


where the phase @ is a linear form in the coordinates & if the waves 
are plane, whereas the “amplitudes” 2, are constant numbers. Both con- 


ditions can only hold for special (e.g. CARTESian) coordinates. We will 
drop the first condition altogether, i.e. we allow ® to be an arbitrary 
function of the coordinates. Then the wave-vector is 


xi — 0; ®, . . . . . . . . . * (4) 


so ae k = (#1, #2, #3) °) is the ordinary (three-dimensional) wave-vector, 
— ”/. =0 ®/dct.°) The condition of constancy of the ~, cannot be 


ee entirely, because (3) would become trivial (e. g. with = constant). 
We replace it by 


Dep Omnitele 3S Lear ees 


which evidently is satisfied if the 2, are constant, but is more general 
and independent of the choice of coordinates. From MAXWELL’s equation 


TN) iPiyevemeccg,, Has aa Clo aria et a © hii ee ge 

8) In order to compare easily our results with the usual ones, we split up some 
equations into their spacelike and timelike parts with respect to Cartesian coordinates. 
The symbol -* denotes that the equations are not generally invariant. In space the ordinary 
vector-symbolism will be used. Vectors will be denoted by fat letters. We must, 
however, keep in mind that E, H, A, k are really covariant vectors, i.e. pairs of 
planes, whereas B, D, I, W are covariant bivectors, i.e. tubes (or contravariant vector 
densities, i.e. ordinary vectors per volume). 

9) We measure phases in radians, not in circonferences. Hence our » is usually called 
22y. We use also DIRAC’s h, i. e. PLANCK’s h, divided by 22. 
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Fij=20,7, (Cf. EM2 (1) Il) and (3) follows Fi; = 2 0,9 sin @ F 


+2 X14 Pj) COS ®, Hence (5) expresses the condition that the bivector F%; 


is entirely a consequence of the wave-character of the field only. 
In a part of space-time, where is nothing but light, we have 
3'—0, It seems however natural, because of the fargoing analogy of 


MAXWELL’s equation 8'= 0," (Cf. EM2 (1)I) with II (see above), to 
consider also the more general case, where 98‘ and §" shall also be 
“waving” functions: : 


Si =H sin’. o Shiver eee 


where the condition analogous to (5) will be 


Hence such a generalized wave is characterized by 


Axess : rere Oye as 
@ =. sin Ds D7 =f) sini@s 


Fi,= Fi; cos @ ; i= 3 cos ®; 


Splitting up (9) into space- and time-components, we get 


BOkxXA ; EX —ko+”. 


; 10 
VIekXH+7/.D ; 9@&k.D uo 


Hence the direction of B is parallel with the intersection of E and 
the wave-front k. 1!) 

The equation of motion F;;3/=0 (Cf. EM3 (36)) becomes here (by 
exclusion of the trivial case x;=0, i.e. ®©= constant) by means of (9): 


GO #08 oo | oy ie ig sn ae eee a 


10) We use the symbol ~ to indicate that only the amplitudes of both members are 
equal. The phases in both members of (10) differ by 2/2. 

11) Jn the metrical theory the relations E.B=0 and k.B=0 would be integpretet 
by saying that E and k (ie. the contravariant vectors orthogonal to the planes of E and 
of k respectively) were orthogonal to B. Scalar products are built with ++ -signs. 
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Now the “action-current” (2) becomes here 
W' = HYG, sin? D . Gites bh eo ff 


or, if W = (!, W?, 3) and Q = WW are the space- and time-compo- 
nents of QW’: i 


W=AXH+ oD ; Q@+=A.D.... . (13) 
From (12) follows by (5) and (7): 
0; W' = 2 «HY H, sin DP COS Se. ate oe a} 


Hence the equation of motion (11) takes the form of a conservation-law : 


0; Iw — 0 . . . . . ° . . ° (15) 


We shall see later (§5, 6) that (15) is the invariant form of the law of 
conservation of momentum and energy'!’). It. expresses the fact that the 
integral 


w= | Bids, . + 5 . . ‘ ec (16) 


extended over any space-like section through space-time, is constant. 
This holds also if the section is taken through a part of space-time, 
bounded by a three-dimensional tube (e.g. a moving box), such that at 
its boundary 


WdS,=H" pdS,=0. ee os ea OE (17) 


This condition will surely be satisfied if 6’dG;—=0. Then we have 
also i dS;=0, i.e. the walls of the box are impenetrable for charges‘). 
Also (17) will be satisfied if ,; d Sy =0, Then we havealso 9/ do.= Oras 
which means in the case of light-waves that the walls are perfect mir- 
rors). Generally we may interpret (17) as impenetrability of the 
boundary against energy. 


12) Tt is remarkable that also the equation of motion of poinf-mechanics (EM3 (14)) is 
equivalent with the conservation-law EM3 (18). 

13) However, the condition 3' dS, =0 is nof sufficient, except if Y! and 8' are pro- 
portional. 

14) Indices are always raised and lowered by means of the quadrivector-densities 
Grisk & hijk’ introduced in EMI, p. 524. Cf. also my paper The fundamental equations 
of electromagnetism, independent of metrical geometry, Proceedings Cambridge Phil. Soc. 30 
(1934) 421—427, cited as FE. 

15) At the boundary both $/ dG ); and Hi dS }, must be the same for both media. In the 


walls of the box %'7 must be zero. $‘/ must not, because of 3’ ~ 0 in matter. 


55 
Proceedings Royal Acad. Amsterdam, Vol. XXXVII, 1934. 
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As w/c has the dimensions of an action, the condition 


w= { WdS=nhe'9 (18) 
is of exactly the same nature as the condition 
s= | #dGi=n'e. Agee oe tee weal 


Whereas (19) expresses the fact that the box contains a finite number 
of indivisible charges (electrons, etc.), (18) will express the fact that it 
contains a finite number of indivisible “atoms of action”. Indeed, we shall 
see in §4 that (18) is equivalent with the law of PLANCK-EINSTEIN. 


§ 3. Generalized stress, momentum and energy. 


The ordinary stress-momentum-energy-affinor-density is 
6 =+ FiO —fAi FeO" 7). . 2. . (20) 


Because of the analogy between MAXWELL’s equations I and II it seems 
natural to extend it with terms c, 9, ol ct ?; 3/. In order to obtain 


the right value for the energy-density (time-time-component) we must 
take c) = 1, cp =— 4. Then instead of (20) we get: 

Ti = Fy O'" +9,3— FA 4b FO" +3). . - (21) 
In particular we have ~ 


—Tj*— 4(E.D+B.H+)/.1.A+o9). . . . (22) 


Hence to the ordinary terms — ©", which belong to the energy contained 
in empty space come two new terms which constitute the part of the 
energy, contained in the charges, viz. “the electrostatic energy-density 
xe and the density of the “self-potential” of the current 1/2 c.1. A. Also 
we have from (21): 


£12 (DXB 46. Als 9 es 


Here '/. D XB and */. A are the well-known expressions for the density 
of the momentum of the field and of the charges respectively. In 


23 EjP ta(EDH Lie Ne is ey 


16) n and n’ are arbitrary integers. 


h; A , 
17) A; is the unity-affinor; its components are = 1 for i=h, and=0 forizé h. 
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the first term is POINTING’s vector, whereas the second is 0 v/c 1), 
i.e. the energy, transported by the charges. Finally, we see that the 
charges exert stresses, analogous to the MAXWELLian ones. 

Because of the identity !’) 


Be ei St A EO St AT Hi 2 (25) 


holding for two arbitrary bivectors F;;, H;;?°) we can write Z;" also in 
the form 
Ti = — Ai + 0,3 + 4Al ($A F* —y,3/). . . (26) 


where the coefficient of Aj is equal to W. ?)) 


§ 4. The law of PLANCK-EINSTEIN. 


Now let us consider a single wave as defined in § 2. Substitution of 
(8), (9) in (26) gives at once by (12): 


Tw x, BW" NRies eva ee Aan on) 


Hence in the special case when the wave is plane (with respect to 
certain, e.g. CARTESian, coordinates), i.e. if the x; are constants, we can 
write the condition (18) in the form 


Cp; = [Bide x WidS,=nhx, ... (28) 


which is the law of PLANCK-EINSTEIN. However, it is to be noted that 


I! — I sin 2, whereas T;'=F ;"sin ® cos ®. Hence the general con- 
dition (18) may only be brought into the special form (28), if the phase- 
factor in Zj" is changed from sin ®cos® into sin?®. This now is 
exactly what is done in the usual theory, where only the part 6;" of 
$;" is considered and where the $” are replaced by g'* g/! Fx: which have 
with §” a difference in phase of }2. 

Hence we have proved that the ordinary quantum-condition (28) is a 
special form of our condition (18) which is of a much more general 
nature and, moreover, invariant under arbitrary transformations of 


coordinates. 


18) y = 1/, | is the velocity of the charges. 
19) Cf, 14). It is easily verified by means of the identities, given in FE, p. 425, footnote. 


20) A special case of (25) is: 
Ai, O* — 1 Al Hy, 6" 
21) Cf. EM2 (7). In (21) the corresponding coefficient was equal to — $, Cf. EM3 (40). 
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§ 5. The case 8i'=0 (light). 


From equations (9), (11) follow some identities which will often be used: 


3 ny =0, 87 9,=0, 80, 8 9,=0, Fy S%=0,  ) 


; (29) 
I! 4,= 0, Wy, = 0; Fy WW =0) Fy, 9 = 0, Fy peek \ 
Now let us consider a light-wave, determined by 
Bhi B= Oo Cea. eee ee 
In particular we have by (1): 
I Ay” Fie ee 


i. e. the action-current is proportional with the combination of the 
PoINTING-vector SE XH, and the energy-density J =— S,*. Hence 
in this case (15) is equivalent with the law of conservation of momentum 
and energy. By splitting up (30) and (31) we find with the aid of (9) 
and (11): 


—.D&kxXH, k.Dt0, We—,S=%7, EXH,, 


(32) 
Qe </,S——»), k. (HX A). 


With respect to the geometrical representation, mentioned in °) we 
remark that the initial plane of k is the wave-front, the initial plane 
of E is the polarization-plane, the intersection of the initial planes of E 
and H is the light-ray W. The vibrating electric and magnetic vector 
which are usually considered are B and D (and not B and E, or H 
and D); their directions are contained in k. In the special case of empty 
space the three planes of k, E and H form an orthogonal system. 


§ 6. The cases F;;=0 and h—0. 


A second special case is given by 
Puy = 2, G0 . so et og 
Then a scalar / exists, such that 


P, Sh ty oe a Se ea a 
Then from (9) and (11) follows: 


03" == 1.8"! Ge ee 
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i.e. the action-current is proportional with the electric current. As the 
latter in this case is proportional with the energy-current, (15) again is 
equivalent with the law of conservation of energy and momentum. Sub- 
stitution of (35) in (18), (19) shows (taking the case n=n’=1) that the 
mean value 4 of 2 is 


Cait eee. Gs a eo (36) 
Hence we see that 
Wee tiem enee a oe.) so ye e3T) 


may be considered as the probability-current. Note, however, that both 
sides of (37) differ by a phase-factor sin? B/cos®, the period of vi- 


bration of Y" being twice that of 8". 
If, according to EM3 (33), p,=°*/-. 9, is interpreted as the momentum 


and energy of the particle in the sense of point-mechanics, we find 
from (34), (36), supposing x; to be approximately constant: 


Peeters us 6. & Vleck am Sloe) 
From (9), (11) follows by the aid of (25), (29): 
23" Wi =H" H" Fr=—O" 8" Aye =H"... (39) 
where 
j—=-4H, 6’ =H.D. SRR ee ory. pee (40) 


Hence an equation of the form (35) holds not only in the case F;;=0, 
but also in the case 


eee O Boek asa. Wa Ger en ee) 
(and in no other one). From (41) follows easily (Cf. 7°) and (9)) 
oh) Pe Tay wee SoA S2) 
Hence a contravariant vector uw’ exists, such that 


Cem 8: . ee ta8) 


aor F,, # 0 the p; of point-mechanics will not be proportional with x;. This seems 


to contradict (28). However, it is to be noted that a single wave will not have the 
character of a material point, even if it bears charge, so that it is not to be expected 
that it will have analogous properties. The consistency of (28) and (38) shows that for 
Fa = 0 this may be the case. 


834 


As we may without loss of generality assume u*—-0, (43) gives by 
splitting up: 


H='/.uXlI; D'=—p. --". pee 
ie. —D and H have the character of an electric and magnetic moment”). 


OF course the conclusions (36), (37) drawn from (35) remain also valid 
in the case } =0. 


§ 7. The general case. 


Now let us suppose 8’ #0, Fi; 0, 60. Putting for some arbitrary 
value of 4 


Zp (A St) ify i. gee ee eee 

we get from (39): 
Gri 2 ah el 2h ee, ee re 
Without loss of generality we may assume z*=-0. By extending the 


integrals (18), (19) over a space t= constant we then find dF bd, — 


hence 1=he/e, i.e. (36). Splitting up (46) we get 
B= oz, ES. el ee ee 


Hence B has the character of an electric, E that of a magnetic moment 
(not inversely!) ”4). The vector z does not bear a phase-factor. From (39) 
follows also 


ce Ozh I 2 gl Dae a) oe 


where y" = — °‘/,,.z*, so that B and E have also the character of a 
static moment and of a moment of momentum respectively 7%). 
Evidently the physical meaning of these waves, except in the cases 


8'=—0 and F;;=0 is still very mysterious and rather doubtful. 


§ 8. Five-dimensional formalism. 


If we write 
Fijk == — Sijks Jace F;; 


(49) 
es rae fk Nis = 
23) I renounce here trying to interpret these relations and to connect them with the 
spin of electrons, as such an interpretation would be rather haphazard in this stadium, 
24) An equation of the form (46) exists always as a consequence of the equation of 


motion F; j 3/ =0. For h = 0, however, z‘ cannot be expressed in the form (45). 
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MAXWELL’s equations EM2 (11, II) may be subsumed into one set, viz. 
3 Olen Nix — Fars * . ° . . . . . (50) 
eA, i, 22.4 -—= 4,2, 5; 4,5), if, moreover, we put 


0s Ay=0 ore en a ee) Pal tage ay, om eled ig (51) 


On the other hand the relation (50) between a bivector and a trivector 
in five-dimensional space, together with condition (51) leads to a set of 
equations of the MAXWELL-form. ”°) Raising and lowering indices with the 
five-vector-densities €”*"”, E41 uv, defined by €'°° = 1, E245 = 1, we 
have 


Fi =H, fo =— ¢ 


; (52) 
yii' paige pit, i? = oe 
The equation of motion takes the very simple form 
ee ORR oe i, Aen (53) 


or also F” F120 (which is equivalent with (53)). Indeed (53) splits up 
into F,; 3’ =0 which is the equation of motion, and ay F,,=0, which 


is a consequence of it. 
The action-density is 


W=in,T"*=B ....... 64) 


The generalized affinor-density Z;" of stress, momentum and energy 
is the space-time part of 


ih eee te Vag RA |. Ug gs a ce sg DOF 
The components are 


Ti —;" Dea @ 
5 ; ay tj (56) 
Fi =—Hys, TP =+4+4FsO"+49,38=—8. 


25) Another five-dimensional formalism which is possible is obtained by putting f.i. 
ah ay, , Fig — 0% ’ 0; Fi, = Fi; 
Nijk = Sijk + Aijs = Hii; , 05 Sijk — — Sijk- 
Then MAXWELL's equations become 


Opeun—O , Op Ausy =O. 
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In the case of waves, determined by 


° 12 
Nip =Aypsind, Frip=FrincosD 


(57 
Of» Aya = 0, Op F pdx) == 0 
it becomes always 
Jy Sh OR cote. a ee ee 
with 
ww — 1 zu N, 
eae See (59) 
3 — WH’, WW’ —1H7 H,,=— 2h 
H=UP Hem... . . . + + (60) 


The theory treated in § 2—7 belongs to the special case 4; =0, in 
accordance with (51). 

Though the physical meaning of the fifth coordinate is not yet quite 
clear 7°), the formal simplification to which it leads is striking, 


26) Though of course it may be interpreted in one of the well-known ways. Cf. the 
references, given in EMI, p. 522, note 2). 


